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WILFRED HUDSON OSGOOD: 1875-1947 
By Coury CAMPBELL SANBORN 


To Marion Hudson Osgood and Harriet Amanda Osgood was born on Decem- 
ber 8, 1875, ason in Rochester, New Hampshire. He was their first child and was 
named Wilfred Hudson Osgood. 

In 1888, the family, now with five children, Wilfred, Alice (Mrs. Alice M. Gay), 
Sumner, Hattibel, and Marion (Mrs. Kenneth Dowie) went to California, set- 
tling in the Santa Clara Valley. 

His brother, Mr. C. Sumner Osgood of Torrington, Connecticut, has written 
me concerning these early days that “We lived in the Santa Clara Valley when 
the family removed to California from New England in 1888. My father and my 
uncle, who was living with us, purchased a thirty acre fruit farm three miles from 
the village of Santa Clara. Wilfred was then twelve years old. He attended the 
district school near “‘Milliken’s Corners,” and at once began to range the country- 
side in search of adventure—sometimes birds’ eggs, sometimes watermelons from 
the patch of an unsuspecting neighbor. Rochester, N. H. had been a small New 
England town, but here he was having his first taste of a strictly rural situation. 
It was only a short time later that the orchard was sold as an unprofitable venture 
for New Englanders, and the family moved to Santa Clara. During the three 
years there he attended high school. In his graduating class was Chester Barlow, 
who later became one of the charter members of the Cooper Ornithological Club. 
It was after the family had moved to San Jose that this club was organized, and 
if I remember rightly the organization meeting was held in the living room of our 
home. .. . During his early years in San Jose he was an enthusiastic collector of 
birds’ eggs. He made a large cabinet with a tier of drawers for storing his collec- 
tion, and his friends used to gather and “talk shop” with him. On one occasion 
he and his companion Beck (Rollo H. Beck) made a trip to the Farallone Islands 
as a sort of business venture. They collected hundreds of murres’ eggs, and 
shipped them to San Jose in boxes. (I was enlisted in the fragrant job of “blow- 
ing”’ these eggs, which were then offered for sale to collectors.) Somewhat later 
this friend Beck made a trip to the Galapagos Islands, and brought back quite a 
number of the giant turtles, and I know that Wilfred was much interested in this 
venture also.” 

After graduating from high school, Dr. Osgood taught in a small school in Wil- 
cox, Arizona, for a year to earn money for his college work. He entered Stanford 
University in one of the earliest classes, perhaps in the pioneer class. He knew 
Herbert Hoover, who was in this first class at Stanford. 
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In 1899, he received his A. B. degree from Stanford although at this time he 
was with the Biological Survey in Washington. Concerning this, his brother has 
written me, ‘‘While at Stanford he came under the influence of Dr. Gilbert, the 
head of the Department of Zoology, and of David Starr Jordan, the president. 
It was at Dr. Jordan’s suggestion and recommendation that he left college before 
finishing his senior year to take the position in Washington.”’ Among the last 
entries in Dr. Osgood’s journal on the Mt. Shasta expedition are the following, 
“Oct. 12, 1898—Went to Palo Alto and had a great time seeing the boys. Gilbert 
thinks I can get my degree without spending any time here.’”’ And again, “Oct. 
14, 1898—Went to Palo Alto again. Put in a petition to Dr. Elliot for permission 
to finish my work in Washington.” 

That his formative years in Washington were greatly influenced by his associa- 
tion with C. Hart Merriam, there can be no doubt. He not only worked under 
him in the Survey, but lived at his house where he met many of Merriam’s friends 
and especially was associated with the geologist, Grove K. Gilbert, who also made 
his home with Merriam for many years. 

In Dr. Osgood’s Biographical Memoir of Merriam can be seen how well he knew 
him, both his best qualities and his faults, and undoubtedly he profited from both 
in later life. His training in carefulness and thoroughness must have been 
largely due to Merriam. He was certainly encouraged and aided by him in his 
first two revisionary papers on Perognathus and Peromyscus. Dr. Osgood was 
one of ‘“Merriam’s men” and continued in a broader sense with his work and 
ideas. 

While at the Field Museum of Natural History in Chicago, he received his 
Ph. D. from the University of Chicago, in 1918, his thesis being ‘A Monographic 
Study of the American Marsupial, Caenolestes.” 

Dr. Osgood made three trips to England and Europe to study collections there. 
The first was in 1905-6. In his “Revision of the Mice of the American Genus 
Peromyscus” (p. 10), Dr. Osgood states concerning specimens examined “also 
important specimens belonging to European institutions especially the British 
Museum.” In another reference (Jour. Mamm., 26: 441, 1945) to this trip, he 
said, “A number of years ago (1906), by considerable effort and some expense, I 
visited European museums and made a careful examination of various specimens 
forming the basis of early descriptions of certain North American mammals. 
The object was to eliminate, so far as possible, the personal equation in inter- 
preting the descriptions of authors who did not designate types and who fre- 
quently confused several species or subspecies as later understood.” 

These remarks make the object of the trip clear, but whether Dr. Osgood was 
sent by the Survey or paid his own way has not been discovered. His reference 
to “considerable effort and some expense” seems to infer that he had at least in 
part financed the trip. 

On coming to Field Museum in 1909 he was sent to the British Museum (Na- 
tural History) in London with the collection of mammals made by Akeley and 
Heller in Kenya Colony in 1905-6. He remained in London about three months 
identifying this material. In 1930, Dr. Osgood returned to London to identify 
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the collection of Indo—Chinese and Chinese mammals collected by the Kelley— 
Roosevelts Asiatic Expedition. 

On these trips he became personally acquainted with the British mammalo- 
gists Thomas, Hinton, Pocock, Dollman, and others. He thought a great deal 
of Thomas, both personally and as a mammalogist, and on hearing of his death 
sadly remarked that the British Museum would not be the same place without 
him. 

Dr. Osgood held but two positions during his lifetime. He was with the Bu- 
reau of Biological Survey, U. S. Department of Agriculture, Washington, D. C., 
as Assistant Biologist for twelve years from 1897 to 1909. He then came to the 
Field Museum of Natural History (now the Chicago Natural History Museum) 
in Chicago where he remained until his death. Here he held posts as Assistant 
Curator of Mammals and Birds 1909-1920, Chief Curator of Zoology 1921-1941, 
and Curator Emeritus 194) -1947. 

He grew with the Muse: n and developed the Department of Zoology to what 
it is today. He came after Dr. D. G. Elliot and Carl Akeley had had charge of 
the mammal collection for some years. Each had kept his material separate, 
study skins belonging to Elliot and material for exhibition kept in Taxidermy by 
Akeley. These were now brought together in one catalogue, the same number 
placed on both skin and skull instead of a different one for the skull; original 
labels were kept on the skins instead of being filed, and, in all, the care of the col- 
lection was placed on a more modern footing. He alse saw that the actual date 
of publication appeared on the papers printed by the Museum and had added to 
the library many important books and serials. 

Dr. Osgood not only placed operations on a practical basis while in the old 
building, but was largely responsibie for the forming of the Zoological Staff and 
especially for the plans for enlarged exhibition when the Museum opened its pres- 
ent building in 1921. There were but four members on the Zoology Staff in 1921 
compared with fifteen and twelve Research Associates in 1947. 

One of those selected by Dr. Osgood for the Staff was his old friend, Ed- 
mund Heller, for Curator of Mammals. He had first been associated with Heller 
at Stanford and in the Cooper Club in its earliest days. He took Heller to the 
Queen Charlotte Islands and Cook Inlet with him on his second Alaskan trip. 
Curiously enough, Dr. Osgood replaced Heller in the Museum at Chicago and 
started to work on Heller’s African collection. Heller had wanted to identify 
this collection himself, but instead went to Africa with Roosevelt and made an- 
other collection which he did report on. Dr. Osgood was always a very staunch 
friend of Heller’s and never failed to extoll him as one of the greatest of field 
collectors. 

In 1926-1927 there were seven zoological expeditions in the field, each of which 
had, in some part, come under Dr. Osgood’s supervision. During his term as 
Chief Curator, fifty-three habitat groups of large mammals were added to the 
exhibition series. These included three new halls, one of Asiatic mammals, one 
of marine mammals, and one of whale models. The synoptic series of mammals 
was also renovated and reinstalled. Besides mammal exhibition, Dr. Osgood 
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had the responsibility of overseeing the installation of seventeen bird groups, six 
fish groups, and two reptile groups, and the entire renovation of the synoptic 
series of birds. The planning and supervision of the large exhibition program 
occupied a large part of his time. The research collections increased enor- 
mously during these years, mainly through expeditions. With all this, Dr. 
Osgood still found time to edit all the zoological publications, continue his 
research, and to go on five major expeditions. On his retirement in 1941, the Mu- 
seum published a Testimonial Volume to him comprised of eleven papers on mam- 
mals by some of his colleagues and members of the Museum Staff. Mr. Stanley 
Field, President of the Museum, says of him in a review of his work in this vol- 
ume, ‘“The great growth of Field Museum has coincided with Dr. Osgood’s regime 
as Chief Curator of Zoology. This growth has been twofold: in the direction of 
exhibition on one hand and in the development of the scientific collections and of 
the researches based on them on the other. No one in Field Museum’s organiza- 
tion has played a more active or more effective part in this vita! development 
period of the Museum than has Wilfred Hudson Osgood.” 


EXPEDITIONS 


During his adult lifetime, Dr. Osgood made thirty collecting trips, some of but 
a few weeks, others of almost a year. While with the Biological Survey he was 
sent five times to Alaska, and once each to California, Utah, Maine and Canada, 
and western United States. His foreign trips for the Museum included six to 
South America, one to Africa, and one to French Indo-China. Besides these, 
there were twelve short trips to various parts of the United States and Mexico, 
and one return to Alaska for the Government on seal investigation in 1914. 

Dr. Osgood’s first professional field work was a trip (Pl. I) in the Mt. Shasta 
and Mt. Lassen area, from July to October 1898, in company with C. Hart Mer- 
riam, Vernon Bailey, W. K. and R. T. Fisher, and Lyman L. Merriam. His 
younger brother, Sumner Osgood, went as cook. During the summer the party 
was visited by John H. Sage. The material collected was reported on by Mer- 
riam in North American Fauna No. 16. Two of the mammals collected by Os- 
good were described as new. 

The next year, 1899, he made his first visit to Alaska and was in charge of the 
trip. He was accompanied by Dr. Louis B. Bishop as voluntary companion and 
Alfred G. Maddren as assistant. They went from Skagway over the White Pass 
to Lake Bennett at the headwaters of the Yukon. Here they built a flat-bot- 
tomed boat, eighteen feet long with a five foot beam, of cedar and spruce and 
sailed it down to Circle. The party separated here and Bishop left by steamer 
for St. Michael while Osgood and Maddren went in a small boat purchased in Cir- 
cle. In trying to tie to a snag on the bank, the boat was drawn under and cap- 
sized, throwing them both in the icy water. Osgood caught hold of a wooden 
chest of specimens as it floated by. The boat, soon torn loose by the current, 
was carried past them bottom side up and they managed to swim to it and each 
get an arm over it. After being carried along for half a mile, they struck a log 
jam at the tip of a small island where they managed to get ashore, but the boat 
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was carried under and disappeared. All they could see of their duffle was a duck 
that had been lying on the bottom of the boat. It was caught in a crotch of a 
submerged tree in a very swift current some thirty feet from shore, and impossible 
to reach. 

After getting a fire started with one dry match, eating wild rose fruit and a 
handful of wet oatmeal, they burned some drift logs into lengths and made a raft, 
finishing late at night. The next morning they found their boat had caught in a 
log jam and were able to retrieve it and also get the duck, which they had for 





PLATE I 


Osgood at Mt. Lassen, California—1898 


breakfast. Resuming their journey, they were picked up two days later by a 
passing steamer and taken to St. Michael. The results of this trip appeared in 
North American Fauna No. 19. Ten new mammals were described from the 
fifty-four species collected. 

In 1900, the Survey again sent Osgood to Alaska, this time to collect in the 
Queen Charlotte Islands and Cook Inlet. He took with him his friend of the 
Cooper Club, Edmund Heller. The report on the trip was published in North 
American Fauna No. 21 the next year. 
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The late summer of 1901, from August 24 to November 1, was spent investigat- 
ing prairie dog colonies in Kansas, Nebraska, North and South Dakota, and 
Montana. On this trip Osgood met Otto Widman, Merritt Cary, and J. D. Allen 
for the first time. His journal describes prairie dog towns of from two acres to 
six or seven hundred acres. He experimented with many kinds of poison and 





PLATE II 


Osgood in Abyssinia—1926 


gas as means of exterminating them, but nothing seems to have been published 
concerning these investigations. 

In 1902, a trip extending from July to November covered the base of the Alaska 
Peninsula. He was accompanied by Alfred G. Maddren as assistant and Walter 
Fleming as camp hand. Mr. W. Gorman, botanist for the Department, accot- 
panied them for part of the trip. The route covered Lakes Iliamna and Clark, 
the Chulitna River and Nushagak River to Nushagak, across Bristol Bay, up the 
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Ugaguk River to Becharof Lake, across the mountains to Kanatak, and by open 
boat to Cold Bay. This last leg was almost disastrous as the boat was caught in 
a sudden storm and nearly capsized. It was a very arduous trip with much rain 
and wind. The report appeared in North American Fauna No. 24. 

The summer of 1903, from May to October, was spent with Mr. Ned Hollister 
collecting on the Yukon River between Eagle and Circle, Alaska, and at the head 
of Seward Creek under the brow of Glacier Mountain. From Dr. Osgood’s jour- 
nal, this appears to have been a much pleasanter trip than some of his others to 
Alaska as they were not exposed to so much rain and bad weather. It was also 
the beginning of a long friendship with Hollister. 

In 1904, two trips were made. The first tying in with the work in 1903, cov- 
ered Coal Creek in the Ogilvie Range, and the second on the MacMillan River. 
The party of the first trip consisted of Dr. Osgood, Mr. Charles Sheldon, and the 
well known artist, Mr. Carl Rungius. On the second trip they were joined by 
Mr. Frederick C. Selous of England and a number of citizens of Dawson. The 
party was divided into three sections and Dr. Osgood hunted with Mr. Rungius 
for about two months. His full report on these two years’ work appeared in 
North American Fauna No. 30. 

On his return from Europe he was sent, in 1907, into Maine and the Maritime 
Provinces of Canada to study the methods of silver fox farming. The results of 
his investigations were published in Farmers’ Bulletin No. 328—Silver Fox Farm- 
ing. 

His last trip for the Survey was through southern Utah from August to October 
1908. He described a new Sorex from this collection and years later Goldman 
described a new subspecies of Thomomys from it. This ended his work with the 
Survey as in 1909 he came to Chicago and started on a new field of study. 

From 1909 to 1947, while associated with the Field Museum of Natural His- 
tory, later the Chicago Natural History Museum, Dr. Osgood went on eight ma- 
jor expeditions outside the United States. Those covered six to South America, 
one to Africa, and one, financed by himself, to French Indo-China. Besides 
these, he collected on twelve other local trips, mainly vacations or hunting trips 
in various parts of the United States, Canada, and Mexico. 

His first trip was to Venezuela and Colombia in 1911 with Stanley G. Jewett, 
Sr., where collecting was carried on in the Lake Maracaibo region and on the high- 
lands south of it. This was the beginning of years of collecting and study of 
South American mammals. Eleven new mammals were described from the col- 
lection. 

In 1912, accompanied by Malcolm P. Anderson, an important trip was made 
across northern Peru, an almost untouched area at that time. From the coast at 
Pacasmayo they went inland through Cajamarca, Balsas, and Chachapoyas to 
Moyobamba, thence by foot to Balsa Puerto and so by canoe to Yurimaguas and 
thence by steamer down the Amazon. About 2000 birds and mammals were 
collected and sixteen of the mammals were described as new. 

There now came a lull of about eight years, due in part to unsettled conditions 
brought on by World War I. During this time, many new exhibition labels were 
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prepared by Dr. Osgood and a card index of the mammal collection was made. 
Packing collections for removal to the new building and plans for their installa- 
tion began in 1918 and occupied nearly four years. 

In 1914 Dr. Osgood served for six months on a Government commission to 
study and make recommendations for the management of the fur seals on the 
Pribilof Islands. 

With Mr. Boardman Conover, Dr. Osgood made another trip to Venezuela in 
1920, working around Lake Maracaibo and the Sierra de Perija for some five 
months. 

On Dr. Cory’s death in 1921, Dr. Osgood was made Curator of the Department 
of Zoology, and with the opening of the new building began a new era in the his- 
tory of the Museum with large exhibition and expedition programs. 

In November 1922, Dr. Osgood led the Marshall Field Chilean Expedition ac- 
companied by Mr. Boardman Conover and Colin C. Sanborn. After some 
months in southern and central Chile, Dr. Osgood collected around Buenos Aires 
and Tucuman, Argentina, returning to Chicago in July 1923. 

Three years later he led the Field Museum-Chicago Daily News Abyssinian 
Expedition (Pl. I1) which was in the field from November 1926 to April 1927. 
Other members of the expedition were Louis A. Fuertes, Alfred M. Bailey, Suy- 
dam Cutting, and Jack Baum. No complete report was published on the mam- 
mal collection, but a number of new forms were described in two short papers. 
“Artist and Naturalist in Ethiopia,” the combined diaries of Dr. Csgood and 
Louis Fuertes, giving their impressions and notes for each day, was compiled by 
Dr. Osgood and gives a very complete history of the expedition. 

In 1937, he went alone to French Indo-China on an expedition financed by 
himself. He made large collections of mammals and collected specimens for a 
group of gibbons and for one of pea-fowl. He was in the field from February to 
April. 

Ever since the Chilean Expedition of 1922, Dr. Osgood had been awaiting the 
opportunity of returning to Chile to collect in the Magallanes area and on Tierra 
del Fuego, besides visiting places missed on the previous expedition. This be- 
came possible in 1939 when the Magallanes Expedition was arranged. Dr. Os- 
good was joined on his steamer in Peru by Colin C. Sanborn and John M. Schmidt 
and the party continued to Chile. About three months were spent traveling on 
Tierra del Fuego and in the Magallanes region in the expedition truck and the first 
comprehensive collection of mammals from the region was made. While Dr. 
Osgood suffered a few digestive upsets, on the whole his health was good and he 
fully enjoyed the trip. 


His last foreign expedition was in January-February of 1941 when he was a 
member of the Mandel Galapagos Expedition which traveled on the yacht ‘‘Ca- 
rola” to the Galapagos and made a short stop at Talara in northern Peru. 

His mammal collections totaled 7531, about half for the Biological Survey and 
half for the Chicago Natural History Museum. 
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SCIENTIFIC WORK AND PUBLICATIONS 


Dr. Osgood’s first contribution to natural history was published in the Oologist 
in 1892 when he was seventeen years old. While his work with the Biological 
Survey took him repeatedly to Alaska and he prepared four reports on these trips, 
it is significant that his thirteenth paper was a revision of the pocket mice of the 
genus Perognathus, and this was followed a few years later by his revision of the 
genus Peromyscus, showing an early interest in rodents and a realization of the 
need for generic revisions. His early publications naturally dealt mainly with 
these two genera and with the natural history of Alaska. 

Of all his scientific works, Dr. Osgood is probably as well known for his work 
on Peromyscus as any other. While other revisions had appeared in the Fauna 
series by others on the Survey, it was one of the largest dealing with more forms 
and a greater number of specimens, about 27,000. It has stood as a pattern for 
future workers and today remains with few changes as the only revision of the 
genus. This widespread North American genus with its large number of races 
has naturally interested the geneticists who make continued reference to this 
revision. 

His first work at Chicago was the identification of Heller’s and Akeley’s Kenya 
collection, but with this out of the way, he started on South American mammals 
which became his main interest. During his work at Chicago, forty-nine (one- 
quarter) of his publications dealt with South and Central American mammals and 
their nomenclature. These included the ‘““Monographic Study of the American 
Marsupial, Caenolestes’”’ and the “Mammals of Chile.” An example of Dr. Os- 
good’s thoroughness is that while he had the ‘““Mammals of Chile” practically 
completed by 1926, he would not publish it until he could get material from 
Magallanes and Tierra del Fuego, so he waited thirteen years for the opportunity 
to complete the Chilean collection before he would publish the work in 1943. He 
left an almost complete card file of the mammals of South America that was being 
prepared for publication at the time of his death. 

His South American research was interrupted by the preparation of the report 
on the mammals of the Kelley—Roosevelts and Delacour Asiatic Expeditions and 
a report on some of the more important rodents from three African expeditions. 

A total of fourteen new genera and subgenera and 263 new species and sub- 
species of mammals were described by Dr. Osgood, and thirteen mammals, three 
birds, one toad, two fishes, and one plant were named for him. 

It is remarkable that he was able to do as much research as he did with the load 
of administrative work he carried at the same time, which included the editing of 
the publications of the Department of Zoology. 


CLUBS AND ASSOCIATIONS 


From the first, Dr. Osgood took a leading part in the scientific societies. His 
first office was President of the Cooper Club ia 1893, followed by Treasurer in 
1894, and Vice-President in 1896. During his stay in Washington he was Record- 
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ing Secretary of the Biological Society of Washington from 1901 to 1904 and Cor- 
responding Secretary from 1905 to 1909. 

When the American Society of Mammalogists was formed, he served as Vice- 
President from 1919-23 and as President from 1924-26. He also served for long 
periods on the Bibliography, Conservation, and Nomenclature Committees. He 
was a Trustee of the Chicago Zoological Society since 1933. The American Orni- 
thologists Union elected him as Associate in 1893, a Member in 1901, and a Fellow 
in 1905. In other groups he was a Member of the British Ornithologists Union; 
Corresponding Member, London Zoological Society; Member, Division of Zo- 
ology, National Research Council; Geographic Society; Boone and Crockett Club; 
Explorers Club; and University Club of Chicago. He remained a bachelor and 
during his years in Chicago lived at the Quadrangle Club of the University of 
Chicago He served one term as President of the Club. 

During the twenty-five years that it was my great good fortune to be associated 
with and trained by Dr. Osgood, it was his character of carefulness and thorough- 
ness that was perhaps the most impressive. This may have been inherited from 
New England ancestors or it may have been acquired on his early hazardous expe- 
ditions to Alaska where he had a number of very narrow escapes. He did not 
seek adventure as such and repeatedly stated that expeditions were hard work 
and not adventures. A motto he gave me and which he must have followed was, 
“Be sure you are right and then look again.” 

In his research and writing he was particularly careful, and at times, it might 
be said, even over-cautious. Because of this, others sometimes got ahead of him, 
but his record of accuracy has proven this trait a good one. 

Dr. Osgood in the Museum and in the field was two different people and no one 
knew him until they had seen both of these sides. Administrative duties and a 
press of work were more apt to bring on an attack of the stomach trouble that so 
long plagued him and which made him seem preoccupied. He greatly enjoyed 
field work and on an expedition he was always in better health, almost carefree 
and much happier. This, however, was only a change in the outward man. The 
inner man never changed, and in the Museum or in the field Dr. Osgood was al- 
ways helpful, generous, and considerate. When first with him in the Museum he 
sent me with a request to one of the workmen in the building and said, ‘Don’t tell 
him, ask him.” 

In the field he was an excellent trapper and often got a larger catch with 
twenty-five traps than others who set out one hundred. This was because he 
never set a trap unless he was sure it was in a used runway or near food that would 
attract rodents. Although an enthusiastic collector he was still soft-hearted 
toward some of the mammals he had to collect. On my first trip with him to 
Chile, we had a young live pudu that sickened and had to be put out of the way. 
He wanted the animal, but hated to kill it. The collector of course won, but he 
said bitterly as he was sharpening the knife, “In this game, Sanborn, you could 
kill your own brother if you needed him for a specimen.” 

Those working under Dr. Osgood’s direction were supervised, but never real- 
ized until later the unobtrusive direction they had had from him. I shall always 
be indebted to him for the years of patient help and guidance he gave me. 
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His friends were not all in the museum field. He had the friendship and re- 
spect of men of equal caliber of the University of Chicago with whom he lived at 
the Quadrangle Club. At the Memorial Service held for Dr. Osgood at Bond 
Chapel, University of Chicago, Professor Frank H. O’Hara of the English De- 
partment said, “‘... We remember the individual who enriched us by being with 
us. By being a part of the university community for over thirty years. By lis- 
tening, and talking, and living tolerantly—and at the same time affirmatively. 
By being his own big-statured self. Someone once said that the greatest truths 
are the simplest, and so are the greatest men. We lived with one of these simple 
great. And knew that he was great. And that he had no need of the tag of 
titles. And I suppose that most of you who are here today have for a long while 
called him simply “Oz’”’—And will always think of him as “Oz’”—With respect— 
With affection—And with great good cheer.” 

At the same Service, Mr. Tappan Gregory, an old Chicago friend of Dr. Os- 
good’s and known to mammalogists for his excellent flash-light photos, said of 
him, “‘... His interests were comprehensive and keen, and he was ever alert for 
opportunity to serve. For one of his fine intellect and positive opinion, he had 
extremely broad-minded perspective and was sensitive to the views of others, al- 
ways ready to modify his own judgments when persuaded of error. On any 
matter of public concern or private interest, his arguments were constructive, his 
approach fair, his conclusions just. He commanded universal respect and ad- 
miration for what he did, affection for what he was—generous in his appraisal of 
others, modest for himself, companionable, of a lively sense of humor and unfail- 
ing dignity and grace, courageous, and patient beyond belief. We shall miss him, 
but let us not mourn too grievously that he has preceded us by a few sure steps 
along the inevitable trai!. Let us rather rejoice in the happiness he brought us 
and keep fresh the memories of glad days together. 

‘E’en as he trod that day to God 
So walked he from his birth 

In simpleness and gentleness 
And honor and clean mirth.’ ” 

After a short illness, while in Billings Memorial Hospital for a general check-up 
and rest, the end came suddenly at 3:00 p. M. on June 20, 1947. We use the term 
“the end” in regard to the physical, but for a man like Wilfred Hudson Osgood, 
there can never be an end. 
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. Chloroscombrus ectenurus New Species. Proc. Phila. Acad. Sci., 1897: 101. 1897. 
[D. 8. Jordan] 

. (Review of) W. W. Cooke: The Birds of Colorado. Science, 6 (149): 707. Nov. 5, 
1897. 
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. El Dorado County Notes. The Osprey, 2 (2): 19-20. October, 1897. 
. The White-necked Raven. Popular Science News, 32:7. January, 1898. 
. (Review of) Mabel Osgood Wright: Four-footed Americans and Their Kin. Scieace, 


N.S., 8 (207): 877-78. December 16, 1898. 


. Chamaea fasciata and its Subspecies. Proc. Biol. Soc. Wash., 12:41-42. May 29, 1899. 
. (Review of) C. B. Cory: The Birds of Eastern North America. Part II, Land Birds. 


Science, N. 8., 12 (292): 192. August 3, 1900. 

Revision of the Pocket Mice of the genus Perognathus. N. Amer. Fauna, 18: 1-66, pls. 
1-4. September 20, 1900. 

Results of a Biological Reconnaissance of the Yukon River Region. N. Amer. Fauna, 
19: 7-100, pls. 1-7. October, 1900. [Louis B. Bishop] 

Questions of the Day. Condor, 4: 50-51. March, 1901. 

New Subspecies of North American Birds. Auk, 18 (2). April, 1901. 

Natural History of the Queen Charlotte Islands, British Columbia. N. Amer. Fauna, 
21: 1-50, pls. 1-5. September 26, 1901. 


. Natural History of the Cook Inlet Region, Alaska. N. Amer. Fauna, 21: 51-88, pls. 


6-7. September 26, 1901. 


. A New White-footed Mouse from California. Proc. Biol. Soc. Wash., 14: 193-94. 


December 12, 1901. 


. Some Names of American Cervidae. Proc. Biol. Soc. Wash., 15: 87-88. April 25, 1902. 
. Alaskan Agriculture. Country Life in America. October, 1902. 

. On Certain Modern Tendencies. Condor, 5 (2): 53. March, 1903. 

. Two New Spermophiles from Alaska. Proc. Biol. Soc. Wash., 16: 25-28. March 19, 


1903. 


. (Obituary) Chester Barlow. Auk, 20: 92-93. 1903. 
. A List of Birds Observed in Cochise County, Arizona. Condor, 5: 128-31, 149-51. 


September-December, 1903. 


. Haplomylomys, a New Subgenus of Peromyscus. Proc. Biol. Soc. Wash., 17: 53-54. 


March 21, 1904. 


. Thirty New Mice of the Genus Peromyscus from Mexico and Guatemala. Proc. Biol. 


Soc. Wash., 17: 55-57. March 21, 1904. 


3. (Review of) Samuel N. Rhoads: The Mammals of Pennsylvania and New Jersey. 


Science, N. S., 19: 576-78. April 18, 1904. 


. Two New Pocket Mice of the Genus Perognathus. Proc. Biol. Soc. Wash., 17: 127-28. 


June 9, 1904. 


. Lake Clark, a Little Known Alaskan Lake. Nat. Geog. Mag., 15 (8):326-31. August, 


1904. 

A Biological Reconnaissance of the Base of the Alaska Peninsula. N. Amer. Fauna, 
24: 1-86, pls. 1-7. November 23, 1904. 

A New Flying Squirrel from the Coast of Alaska. Proc. Biol. Soc. Wash., 18: 133-34. 
April 18, 1905. 

Scaphoceros tyrrelli, an Extinct Ruminant from the Klondike Gravels. Smith. Miscl. 
Coll., 48, pt. 2, (1589): 173-185, pls. 37-42. July 1, 1905. 

In Alaska’s Rain Belt. Condor, 7 (3): 68-71. May, 1905. 

A New Name for the Peromyscus nebrascensis of Certain Authors. Proc. Biol. Soc. 
Wash., 18: 73-78. February 21, 1905. 

Symbos, a Substitute for Scaphoceros. Proc. Biol. Soc. Wash., 18: 225-26. October 
17, 1905. 

Mastodon Remains in the Yukon Valley. Proc. Biol. Soc. Wash., 18: 253-56. Decem- 
ber 9, 1905. 


. A New Vole from Montague Island, Alaska. Proc. Biol. Soc. Wash., 19: 71-72, 1 fig. 


May 1, 1906. 
Four New Pocket Mice. Proc. Biol. Soc. Wash., 20: 19-22. February 23, 1907. 
Identity of Tyrannula mexicana Kaup. Auk, 24: 219-20. April, 1907. 
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41. Some Unrecognized and Misapplied Names of American Mammals. Proc. Biol. Soc. 
Wash., 20: 43-52. April 18, 1907. 

42. A Collection of Mammals from the Region of Mount McKinley, Alaska. Proc. Biol. 
Soc. Wash., 20: 59-64. April 18, 1907. 

43. A Specimen of Bison occidentalis from Northwest Canada. Proc. Biol. Soc. Wash., 
20: 65-66. June 12, 1907. 

44. Probable Breeding of the Wandering Tatler in the Interior of Alaska. Auk, 24: 340. 
July, 1907. 

45. Helminthophila lawrencei Near the District of Columbia. Auk, 24:342-43. July, 1907. 

46. The Game Resources of Alaska. Yearbook, U. 8. Dept. Agric., 1907: 469-82, figs. 
50-51, pls. 56-57. 1908. 

47. A New White-footed Mouse from Alaska. Proc. Biol. Soc. Wash., 21: 141-42. June 
9, 1908. 

48. Silver Fox Farming. U.S. Dept. Agric., Farmers Bull., no. 328; figs. 1-10. August, 
1908. 

49. Catalogue of the Type-Specimens of Mammals in the United States National Museum, 
Including the Biological Survey Collection. U. 8S. Nat. Mus., Bull. 62: 
1-325. January 27, 1909. [Marcus Lyon, Jr.] 

50. (Review of) Frank M. Chapman: Camps and Cruises of an Ornithologist. Science, 
N.S., 29 (744): 549-50. April 2, 1909. 

51. The Status of Sorex merriami, with Description of an Allied New Species from Utah. 
Proc. Biol. Soc. Wash., 22: 51-54. April 17, 1909. 

52. Revision of the Mice of the American Genus Peromyscus. N. Amer. Fauna, 28: 1-288, 
pls. 1-8, figs. 1-12. April 17, 1909. 

53. (Review of) Joseph Grinnell, Edmund Heller, Frank Stephens and Joseph Dixon: 
Birds and Mammals of the 1907 Alexander Expedition to Southeastern Alaska. 
Condor, 11: 106-7. May-June, 1909. 

54. Silver Fox Farming. Rept. Amer. Breeders Assoc., 5: 320-25. 1909. 

55. The Big Game of Alaska. Nat. Geog. Mag., 20: 624-36, 10 photos. July, 1909. 

56. Biological Investigations in Alaska and Yukon Territory. N. Amer. Fauna, 30: 1-96, 
pls. 1-5. October 7, 1909. 

57. A Peculiar Bear from Alaska. Field Mus. Nat. Hist., Zool. Ser., 10 (1): 1-3. Novem- 
ber, 1909. 

58. Diagnoses of New East African ‘Mammals, including a New Genus of Muridae. Field 
Mus. Nat. Hist., Zool. Ser., 10 (2): 5-13. February 16, 1910. 

59. Further New Mammals from British East Africa. Field Mus. Nat. Hist., Zool. Ser., 
10 (3): 15-21. April 7, 1910. 

60. Eight New African Rodents. Ann. Mag. Nat. Hist., Ser. 8, 5: 276-82. March, 1910. 

61. Two New African Shrews. Ann. Mag. Nat. Hist., Ser. 8, 5: 369-70. April, 1910. 

62. Mammals from the Coast and Islands of Northern South America. Field Mus. Nat. 
Hist., Zool. Ser., 10 (4): 23-32, pls. 2-3. October 20, 1910. 

63. Labeling Large Collections of Mammals and Birds. Proc. Amer. Assoc. of Mus., 
4: 105-11, figs. 1-5. 1910. 

64. (Review of) J. G. Bartholomew, W. Eagle Clark and Percy H. Grimshaw: Atlas of 
Zoogeography. Science, N. 8., 34: 411-12. September 29, 1911. 

65. Mammals from Western Venezuela and Eastern Colombia. Field Mus. Nat. Hist., 
Zool. Ser., 10 (5): 33-66, pls.4-5. January 10, 1912. 

66. The Trail of the White Sheep. Outdoor World: 39. April, 1912. 

67. A New Name for Ochotona minima. Proc. Biol. Soc. Wash., 26: 79-82. Mar. 22, 1913. 

68. The Name of the Rocky Mountain Sheep. Proc. Biol. Soc. Wash., 26: 57-62. March 
22, 1913. 

69. New Peruvian Mammals. Field Mus. Nat. Hist., Zool. Ser., 10 (9): 93-100. May 31, 


1913. 











78. 


79. 


80. 


81. 


91. 


92. 


93. 


94. 


96. 


97. 


98. 
99. 





JOURNAL OF MAMMALOGY Vol. 29, No. 2 


. Hunting the Spectacled Bear of the Andes. Outdoor World and Recreation, 5 photos. 


June, 1913. 


. Two New Mouse Opossums from Yucatan. Proc. Biol. Soc. Wash., 26: 175-76. Au- 


gust 8, 1913. 


. Is the Muscovy a Duck or a Goose? The Pacific Fanciers Monthly, San Jose, Cali- 


fornia. January, 1914. 


. Dates for Ovis canadensis, Ovis cervina, and Ovis montana. Proc. Biol. Soc. Wash., 


27: 1-4. February 2, 1914. 


. Four New Mammals from Venezuela. Field Mus. Nat. Hist., Zool. Ser., 10 (11): 


135-41. April 8, 1914. 


. Mammals of an Expedition Across Northern Peru. Field Mus. Nat. Hist., Zool. Ser., 


10 (12): 143-85. April 20, 1914. 


. Note on Eptesicus propinquus. Proc. Biol. Soc. Wash., 27: 99-102. May 11, 1914. 
. Hunting the Spectacled Bear of the Andes. Bull. Pan Amer. Union: 900-903, 1 photo. 


December, 1914. 

La Casa del oso Espejuelos. Bol. de la Union Panamericana, Spanish ed.: 205-9, 3 
photos. February, 1915. 

La Chasse a l’ours a Lunettes dans les Andes. Bull. de L’Union Panamericaine, 
French ed.: 239-42, 3 photos. May, 1915. 

A caca do Urso dos Andes. Bol. Uniao Pan-Americana, Portuguese ed.: 260-65, 3 
photos. May, 1915. 

The Fur Seals and Other Life of the Pribilof Islands, Alaska, in 1914. Bull. U.S. Bur. 
Fisheries, 34 (820): 1-172, pls. 1-18, maps 1-24. June 19,1915. [E. A. Preble and 
George H. Parker] 


2. The Name of Azara’s Agouarachay. Proc. Biol. Soc. Wash., 28: 141-44. June 29, 1915. 
. New Mammals from Brazil and Peru. Field Mus. Nat. Hist., Zool. Ser., 10 (13): 


187-98. October 22, 1915. 


. Condition of the American Seal Herd in 1914. Science,42. October 29, 1915. 
. (Review of) W. H. Dall: Spencer F. Baird. Chicago Herald. December 11, 1915. 
. General Aspects of Zoological Exploration in South America. Science, 43 (1103): 


250. February 18, 1916. 


. False Conservation of Fur Seals. Forest and Stream, 86: 953-55, 2 figs. May, 1916. 
. Mammals of the Coilins-Day South American Expedition. Field Mus. Nat. Hist., 


Zool. Ser., 10 (14): 199-216, pls. 6-7. October, 1916. 


. A New Flying Squirrel from the Philippine Islands. Proc. Biol. Soc. Wash., 31: 1-2. 


February 21, 1918. 


. The Status of Perognathus longimembris (Coues). Proc. Biol. Soc. Wash., 31: 95-96. 


June 29, 1918. 

Names of Some South American Mammals. Jour. Mamm., 1 (1): 33-36. November, 
1919. 

(Review of) N. Hollister: East African Mammals in the U. S. National Museum. 
Jour. Mamm., 1 (1): 43. November, 1919. 

The Status of Pennant’s Mexican Deer. Jour. Mamm., 1 (2): 75-78, pl. 4. February, 

1920. 
The Felis ocelot of Hamilton Smith. Jour. Mamm., 1 (2): 88-90. February, 1920. 


. Attacked by a Cougar! Jour. Mamm., 1 (2): 240. November, 1920. 


The Turkey as a Subject for Experiment. Amer. Naturalist, 55: 84-88. January- 
February, 1921. 

Notes on Nomenclature of South American Mammals. Jour. Mamm., 2 (1): 39-40, 
February, 1921. 

Convergent Habits in Fur Seals and Penguins. The Auk, 38: 284-85. April, 1921. 

A Monographic Study of the American Marsupial, Caenolestes. Field Mus. Nat. Hist., 
Zool. Ser., 14 (1): 1-156, pls. 1-19. May, 1921. 
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100. In Memoriam: Charles Barney Cory. The Auk, 39 (2): 151-66, pl.4. April, 1922. 

101. The White-tailed Deer. Field Mus. Nat. Hist., Zool. Leaflet no. 1:1-12,2 pls. June, 
1922. 

102. Game Birds from Northwestern Venezuela. Field Mus. Nat. Hist., Zool. Ser., 12 (3): 
19-47, pl. 1 (col.). August 28,1922. [Boardman Conover] 

103. Review of Living Caenolestids with Description of a New Genus from Chile. Field 
Mus. Nat. Hist., Zool. Ser., 14 (2): 165-72, pl. 23. October 20, 1924. 

104. Ned Hollister [Born November 26, 1876. Died November 3, 1924]. Jour. Mamm., 
6 (1): 1-12, pls. 1-2. February, 1925. 

105. Life and Habits of the American Fur Seal. In Hunting and Conservation. The Book 
of the Boone and Crockett Club: 74-137, 6 pls. April, 1925. 

106. The James Simpson-Roosevelt Expedition of the Field Museum of Natural History. 
Science, 61: 461-62. May 1, 1925. 

107. Ruthven Deane—An Appreciation. The Audubon Bull., Summer 1925: 31-36, 2 por- 
traits. 1925. 

108. The Long-Clawed South American Rodents of the Genus Notiomys. Field Mus. Nat. 
Hist., Zool. Ser., 12 (9): 113-25, pl. 10. October 26, 1925. 

109. Ned Hollister (1876-1924). From the Smithsonian Report for 1925: 599-619, pls. 
1-2. 1926. 

110. Historical Preface (biography of E. E. Ayer). In Zimmer, Catalogue of the Edward 
E. Ayer Ornithological Library. Field Mus. Nat. Hist., Zool. Ser., 16: 3-6. 
November, 1926. 

111. Louis Agassiz Fuertes. Science, 66 (1716): 469-72. November 18, 1927. 

112. The Work of Carl E. Akeley in Field Museum. 4 pp. text, 41 photogravures. Novem- 
ber, 1927. 

113. Luis Agassiz Fuertes. Traducido de Science, Nov. 1927. Revista de Agricultura de 
Porto Rico: 275-79. December, 1927. 

114. Why is a Type Specimen. Jour. Mamm., 9 (1): 52-56. February, 1928. 

115. Nature and Manin Ethiopia. Nat. Geogr. Mag., 54 (2): 121-76, 65ills. August, 1928. 

116. A New Genus of Aquatic Rodents from Abyssinia. Field Mus. Nat. Hist., Zool. Ser., 
12 (15): 185-89, pl. 15, fig. 1. November 21, 1928. 

117. Louis Agassiz Fuertes. Reprinted from Science. The Audubon Bull., (19): 32-38. 
1928. 

118. A New Rodent from the Galapagos Islands. Field Mus. Nat. Hist., Zool. Ser., 17 (2): 
21-24. July 12, 1929. 

119. The White Rhinoceros. Field Mus. News,1(7):1. July, 1930. 

120. Album of Abyssinian Birds by Louis Agassiz Fuertes. Special publication of Field 
Museum of Natural History. 4 pp. text, 32 pls. (col.). 1930. 

121. Habitat Group of Northern Sea-Lions. Field Mus. News, 1 (12), pl. 1. December, 
1930. 

122. Roosevelts’ Giant Panda Group. Field Mus. News, 2 (1):1, 1 fig. 1931. 

123. Pacific Walrus Group from Thorne-Graves Expedition. Field Mus. News, 2 (2): 1, 1 
fig. February, 1931. 

124. Great Anteaters of South America. Field Mus. News, 2 (8): 1,1 fig. August, 1931. 

125. Two New Rodents from Costa Rica. Field Mus. Nat. Hist., Zool. Ser., 18 (5): 143- 
45, pl. 4. August 3, 1931. 

126. Group of South American Tapirs is added to Mammal Habitat Group. Field Mus. 
News, 2 (11):1,1 fig. November, 1931. 

127. Mammals of the Kelley-Roosevelts and Delacour Asiatic Expeditions. Field Mus. 
Nat. Hist., Zooi. Ser., 18 (10) : 193-339, pls. 9-11, figs. 29-30. August, 1932. 

128. American Deer. Records of North American Big Game. Boone and Crockett Club, 
New York: 19-30. 1932. 
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154. 
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158. 


. African Water-Hole, Museum’s Largest Animal Exhibit, is Completed. Field Mus. 
News, 3 (12): 1, 1 fig. December, 1932. 

. Alaskan Caribou Added to Hall of American Mammal Habitat Groups. Field Mus. 
News, 4 (1): 1, 1 fig. January, 1933. 


New Taxidermy Method Applied to Orang. Field Mus. News, 4 (3):1,1 fig. March, 
1933. 

Great Gaur Ox of Asia Shown in New Group. Field Mus. News, 4 (5):1, 1 fig. May, 
1933. 


The Supposed Genera Aepeomys and Inomys. Jour. Mamm., 14 (2): 161. May, 1933. 
(Review of) Nils Gyldenstolpe: A Manual of Neotropical Sigmodont Rodents. Jour. 
Mamm., 14 (2): 167-68. May, 1933. 

New Lion Group: Collected by Mr. and Mrs. Marshall Field. Field Mus. News, 4 
(6):3. June, 1933. 

Orangs in Natural Habitat. Field Mus. News, 4 (8):1,1 fig. August, 1933. 

Habitat Group of Manatees or Sea-Cows Added to Marine Mammal Hall. Field Mus. 
News, 4 (9): 1, 1 fig. September, 1933. 

The Generic Position of Mus pyrrhorhinus Wied. Jour. Mamm., 14 (4):370-71. No- 
vember, 1933. 

The South American Mice Referred to Microryzomys and Thallomyscus. Field Mus. 
Nat. Hist., Zool. Ser., 20: 1-8. December 11, 1933. 

Two New Rodents from Argentina. Field Mus. Nat. Hist., Zool. Ser., 20: 11-14. 
December 11, 1933. 

Rare Bongo, Collected by White-Coats Expedition, in Habitat Group. Field Mus. 
News, 5 (2): 1, 1 fig. February, 1934. 

The Genera and Subgenera of South American Canids. Jour. Mamm., 15 (1): 45-50. 
February, 1934. 

Sambar Deer, Favorite of Sportsmen in India, Shown in Habitat Group. Field Mus. 
News, 5 (4): 1, 1 fig. April, 1934. 

Swamp Deer or Barasingha of India Shown Amid Scene of its Homeland. Field Mus. 
News, 5 (5): 1, 1 fig. May, 1934. 

New Group Shows the Curious Termite-eating Aardvark and its Burrow. Field Mus. 
News, 5 (6): 1,1 fig. June, 1934. 

Zoological Results of the Third de Schauensee Siamese Expedition, Part 4—Mammals. 
Proc. Acad. Nat. Sci. Philadelphia, 86:311-15. June 13, 1934. 

Group Shows Caricature-like Proboscis Monkeys in Treetop Habitat. Field Mus. 
News, 5 (10): 1,1 fig. October, 1934. 

. New Group Shows the Sloth Bear, one of Asia’s Strangest Animals. Field Mus. News, 

5 (12): 1, 1 fig. December, 1934. 
- Along Darwin’s Trail in South America. Sci. Month., 40: 73-77. January, 1935. 
. In Memoriam: Ruthven Deane, 1851-1934. The Auk, 52:1-14, pl.1. January, 1935. 


. Axis Deer Habitat Group in W. V. Kelley Hall. Field Mus. News, 6 (4): 1, 1 fig. 
April, 1935. 

. The Ethiopians and Their Stronghold. Nat. Hist., 35 (4): 286-98, 21 figs. April, 
1935. 


Elephant Seals, Collected by Hancock Expedition, in Habitat Group. Field Mus. 
News, 6 (5): 1, 1 fig. May, 1935. 

The Clouded Leopard in Western China. Jour. Mamm., 16 (2): 148-49. May, 1935. 

Dramatic Exhibit of Leopard, in Wild Fig Tree, Crouched for Attack. Field Mus. 
News, 6 (6):1,1 fig. June, 1935. 

Blackbuck and Chinkara, Antelopes of India, Make Attractive Group. Field Mus. 
News, 6 (7): 1,1 fig. July, 1935. 

Rare Himalayan Snow Leopards, Most Beautiful of Cats, in New Group. Field Mus. 
News, 6 (10): 1, 1 fig. October, 1935. 

Group of Nilgai, Largest of Asiatic Antelopes, Added to Kelley Hall. Field Mus. 
News, 6 (11): 1,1 fig. November, 1935. 
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Gelada Baboons, from Highlands of Ethiopia, are Shown in New Exhibit. Field Mus. 
News, 7 (1): 1,1 fig. January, 1936. 

Changes in Installation Improve Bengal Tiger Group. Field Mus. News, 7 (9): 3, 1 
fig. September, 1936. 

Artist and Naturalist in Ethiopia. New York: Doubleday Doran and Co., 1-249, 16 
pls. (col.), 1 map. 1936. [Louis Fuertes] 

New and Imperfectly Known Small Mammals from Africa. Field Mus. Nat. Hist., 
Zool. Ser., 20 (21): 217-56. December 28, 1936. 

Variable Dentition in a Chinese Insectivore. Field Mus. Nat. Hist., Zool. Ser., 20 
(27): 365-68. December 28, 1937. 

Natural History Museums. Britannica Book of the Year: 464-65. January, 1938. 

Laysan-Tiny Mid-Pacific Island Where Myriads of Oceanic Birds Gather. Field Mus. 
News, 9 (2): 1, 1 fig. February, 1938. 


. Antarctic Seals, Collected by Admiral Byrd’s Expedition, in New Group. Field Mus. 


News, 9 (3): 1, 1 fig. March, 1938. 

Narwhals, Small Whales Armed with Spears, are Shown in New Exhibit. Field Mus. 
News, 9 (11): 1, 1 fig. November, 1938. 

A New Woodrat from Mexico. Field Mus. Nat. Hist., Zool. Ser., 20 (35): 475-76. 
December 31, 1938. 

An Outworn Nomenclatural Practice. Science, 89 (2297):9-11. January 6, 1939. 

Natural History Museums. Britannica Book of the Year: 465. January, 1939. 

(Review of) Glover M. Allen: The Mammals of China and Mongolia, Part 1. Jour. 
Mamm., 20: 113. February, 1939. 

The Great Anteater Group at the Field Museum. Sci. Month., 48: 484-85, May, 
1939. 

Natural History Museums (A Review of Recent Developments). Field Mus. News, 
10 (6):5. June, 1939. (Reprint from Britannica Book of the Year) 

The Walters ‘Celluloid’? Process and its Recent Applications. Museums Jour., 
London, 39 (4): 180-85, pls. 27-29. July, 1939. 

America’s White-tailed (or Virginia) Deer Still Flourishes Over a Wide Range. Field 
Mus. News, 11 (5): 4-5. May, 1940. 

The Magellanic Expedition. Field Mus. News 11 (6):7. June, 1940. 

The Forest of Nahuelbuta, A Chilean Sanctuary. Field Mus. News, 11 (7):5. July, 
1940. 

Ideals as Well as Things in Museum Exhibits to Teach ‘‘Why and How.”’ Field Mus. 
News, 11 (11): 1-2, 2 figs. November, 1940. 

New Habitat Group Shows Seals at ‘‘Uncle Sam’s Fur Farm in Alaska.’”’ Field Mus. 
News, 12 (1): 1-2, 1 fig. January, 1941. 

(Review of) Angel Cabrera and Jose Yepes: Mamiferos Sud-Americanos (vida, cos- 
tumbres y descripcion). Jour. Mamm., 22: 94-95. February, 1941. 

Galapagos Islands Yield Rare Specimens to Leon Mandel Expedition. Field Mus. 
News, 12 (4): 1-2, 4 figs. April, 1941. 

(Review of) Glover M. Allen: The Mammals of China and Mongolia. Part 2. Jour. 
Mamm., 22: 206-08. May, 1941. 

Youthful Adventure. Through Hell and High Water. By Members of the Explorers 
Club, New York: 47-54. 1941. 

The Technical Name of the Chinchilla. Jour. Mamm., 22 (4):407-11. November 14, 
1941. 

Hunting the Rare and Elusive Green Peacock in the Indo-China Jungle. Field Mus. 
News, 12 (11): 1-2, 1 fig. November, 1941. 

Ruff, Bird with Queen Elizabeth Collar, Shown in New Habitat Group. Field Mus. 
News, 13 (8-9): 1-2, 2 figs. Aug.—Sept., 1942. 

Old World Bird of Prey in New Habitat Group. Field Mus. News, 13 (11): 1, 1 fig. 
November, 1942. 

(Review of) A. J. Poole and Viola S. Schantz: Catalog of the Type Specimens of Mam- 
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mals in the United States National Museum, including the Biological Surveys 
Collection. Jour. Mamm.,23:452. November, 1942. 

General Council on Zoological Nomenclature. Science, 97 (2522): 403-4. April 30, 
1943. 

A new Genus of Rodentsfrom Peru. Jour. Mamm., 24 (3): 369-71, pl.1. August, 1943. 

New Habitat Group of Gibbons Installed in Hall of Asiatic Mammals. Field Mus. 
News, 14 (11): 1-2, 1 fig. November, 1943. 

Clinton Hart Merriam-1855-1942. Jour. Mamm., 24 (4): 421-36. November 17, 1943. 

The Mammals of Chile. Field Mus. Nat. Hist., Zool. Ser., 30: 1-268, figs. 1-33, maps 
1-10. December 28, 1943. 

In Memoriam. Charles E. Hellmayr, Chicago Nat. Hist. Mus. Bull., 15:7. May- 
June, 1944. 

Nine New South American Rodents. Field Mus. Nat. Hist., Zool. Ser., 29 (13): 191- 
204. July 12, 1944. 


. Giant Forest Hog—Once a ‘Mystery Creature’—Shown in New Group. Chicago Nat. 


Hist. Mus. Bull., 15 (7-8): 1. July-August, 1944. 

Carl Eduard He!lmayr. Ibis, 87:110-11. January, 1945. 

Biographical Memoir of Clinton Hart Merriam 1855-1942. Nat. Acad. Sci., Biog. 
Memoirs, 24: 1-26. July, 1945. 
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THE FRANKLIN GROUND SQUIRREL, CITELLUS FRANKLINII 
(SABINE), AND ITS RELATIONSHIP TO NESTING DUCKS 


By Lyte K. Sow1s 


In 1938, the Delta Duck Hatchery at Delta, Manitoba, was converted to a 
waterfowl research station under the sponsorship of the American Wildlife 
Institute (now the Wildlife Management Institute). Franklin ground squirrels 
(Citellus franklinit) were then extremely numerous along the marsh edges and 
the wooded ridge that bordered the southern shore of Lake Manitoba. There 
was evidence that it might be an important predator upon the nests and young 
of waterfowl which nested in the dry grassy marsh edges. Hence, a study of its 
relationship to nesting ducks was undertaken. 

As a predator upon game bird eggs, this rodent already had some black marks 
against it. Bennett (1938a), in his Iowa studies, and Breckenridge (in Roberts, 
1932), in Minnesota, obtained records of Franklin ground squirrels destroying 
duck nests. Errington and Hamerstrom (1937) found it and the thirteen-lined 
ground squirrel (Citellus tridecemlineatus) to be destructive to pheasant nests in 
Towa. 

Similar destruction of game bird nests by other ground squirrels had been 
reported by several workers in the western states. Horn (1938) indicated that 
the California or Beechey ground squirrel (Ciiellus beecheyi beecheyi) and the 
Douglas ground squirrel (Citellus beecheyi douglasii) were serious predators upon 
the nests of the California valley quail. Since then, Emlen and Glading (1938) 
recorded an actual instance where the California ground squirrel robbed the nest 
of a valley quail. Stanton (1944), by a study of dummy nests in Oregon, added 
the pheasant and bob white quail to the list of game birds whose nests may be 
preyed upon by the Douglas ground squirrel. 

From a survey of the literature in 1938 it was apparent that the Franklin 
ground squirrel was among those American mammals of which little was known. 
This fact has been more recently pointed out by Hamilton (1939). To fill some 
of the gaps in our knowledge of this rodent, a life history study was undertaken 
in conjunction with an investigation of its destructiveness to the nests and young 
of waterfowl. 

Observations concerning the relationship of the Franklin ground squirrel to 
duck nesting were begun in 1938 by H. Albert Hochbaum. In 1939, I began a 
life history study of the Franklin ground squirrel and, with the help of Hoch- 
baum, Peter Ward, Edward Ward, Torrence Ward, and Russell Ward, con- 
tinued and expanded the study in relation to ducks. In 1940, the studies were 
continued with assistance from Ralph Morrill. In 1941, I joined the United 
States Navy and interrupted my ground squirrel investigations until 1946 when 
I again returned to Delta. In 1941, William H. Elder assisted by Torrence Ward 
collected data on breeding, litter sizes, and populations. From 1941 to 1946, 
Hochbaum observed the trend of ground squirrel populations while continuing 
his waterfowl investigations. Most of the findings herein presented were gath- 
ered during the years 1939 and 1940. This project was carried out under the 
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direction of Professor Aldo Leopold of the Wildlife Management department of 
the University of Wisconsin. 

Further acknowledgment of able assistance is due J. Dewey Soper, who fur- 
nished me with his unpublished accounts of this mammal in western Canada 
and helped in preparing the manuscript. E. T. S. Norris-Elye made editorial 
suggestions. 

The study area lies at the southern end of Lake Manitoba. A narrow, wooded 
sand ridge, skirting the shoreline, separates marsh and lake (Fig. 2). It is a 
marsh of large open bays, fed by several channels which break through the sand 
ridge, and of smaller isolated sloughs and potholes between bays and lake, fed by 
surface runoff alone. The bays and sloughs are bordered by bulrush (largely 
Scirpus acutus) and cattail (Typha latifolia). The whole system of tule-bordered 
waters is set in a matrix of phragmites (Phragmites communis). These phrag- 
mites fields, broken by occasional meadows, hayfields, and pastures, reach back 
from the marsh waters to the ridge on the north and to the prairie wheat fields on 
the south. (For a complete description of the Delta area, see Hochbaum, 1944.) 


THE ANIMAL 


In the Delta region, the Franklin ground squirrel (Citellus franklinii) is called 
the “gray gopher” and “whistling ground squirrel.” Seton (1909, 1929) also 
called it “scrub Citelle.” These names distinguish it from its close relatives, 
the Richardson ground squirrel or “flickertail’’ (Citellus richardsonii) and the 
thirteen-lined ground squirrel (Citellus tridecemlineatus) locally called “striped 
gopher.” In this paper, “ground squirrel,” unless otherwise specified, refers 
to the Franklin ground squirrel. 

Weights and measurements—Complete descriptions of the ground squirrel 
are given by Howell (1938) and by Seton (1929). Average and extreme measure- 
ments of animals collected at Delta for fifty-two adult males are: total length, 
388 mm. (363-430); tail, 144 mm. (120-155); hind foot, 55 mm. (51-68). For 
twenty-eight adult females: total length, 387 mm. (367-408); tail, 139 mm. (128- 
155); hind foot, 55 mm. (52-57). The males were slightly heavier than the 
females. Of ten adult males weighed, the average was 473 grams; of seventeen 
adult females weighed, the average was 426 grams. 

Distribution and habitat—The known range of the Franklin ground squirrel 
has been mapped with considerable accuracy by Howell (1938) and more recently 
described by Anderson (1946). Although both writers described its range as 
being in the Transition and Upper Austral Zones, J. Dewey Soper has given me 
several recent records of this mammal’s occurrence in the Canadian Zone both 
inside and outside of the previously described range. These records are as fol- 
lows: There are two Manitoba records as far north as The Pas. The first of 
these was given to Soper by Warden Harry Sanderson who saw one near the shore 
of Moose Lake in 1942. The second was a specimen collected by Sam Waller 
who, in a letter to Soper dated March 4, 1946, said, ‘““This animal has spread into 
the Carrot River farming area this past five years.’”” The specimen, collected by 
Waller and sent to Soper for examination, was taken at Big Eddy, Saskatchewan 
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River, June 1, 1941. Both Howell and Anderson recorded this mammal as 
occurring north of the region of Prince Albert Park, Saskatchewan, but its oc- 
currence specifically in the Cvnadian Zone was first reported by Soper. His 
letter to me, dated Febri: 24, 1947, says, “This species goes deep into the 
pure coniferous forests of .se Canadian Zone along the Spruce River.” Further, 
he says, “It also occurs in equally pure ‘Canadian’ in southeastern Manitoba and 
southwestern Ontario.” 

Abundance within the geographic limits of the squirrel’s known range varies 
greatly. Soper (1946) wrote, “Over extensive areas... they are either scarce 
or absent, such as on the treeless prairies west of Turtle Mountain and on the 
open lowlands immediately east and west of Red River, although they inhabit 
the wooded valley of this stream.” Seton (1929) wrote, “Since 1882 when I 
first observed it in Manitoba the Franklin ground squirrel has greatly increased 
in numbers in proportion to the other species.” C.C. Furniss, however, writes 
me that in the rolling park country around Prince Albert, Saskatchewan, it 
“appears to be retreating before the advance of agriculture, as it is not as com- 
mon now as it was twenty years ago. On the other hand, the Richardson is 
increasing rapidly.” 

Seton pointed out that in the Prairie Provinces of Canada the gray gopher is 
largely confined to the edges of woods. Soper (unpublished, 1941) considered it 
essentially an animal of the Transition Zone of the aspen parklands found be- 
tween the treeless plains and the Canadian Zone forest. Although it occasionally 
resorts to the latter type of country, its eastern limit at some points lies close 
to the western edge of the Pre-Cambrian Shield. He writes that in southern 
Manitoba and to the northwest it inhabits the aspen poplar groves of the prairie, 
as well as the wooded lake ridges and the stream and marshland borders, but is 
absent from the treeless and scrubless areas. 

At Delta, its habitat primarily includes the wooded lake ridge that borders 
the marsh and small isolated tree-covered islands set in phragmites. Occasion- 
ally, ground squirrels can be found on treeless ridges where phragmites offers 
the only cover. Evidence of their occurrence on these ridges in late April in- 
dicates that they have hibernated there and have not moved from the wooded 
ridge a mile away. 

Population density and cycles—The Franklin ground squirrel is subject to 
violent fluctuations in numbers. Both years of extreme abundance and extreme 
scarcity have been observed at Delta. In 1938, they were so abundant that, 
on July 2, two boys with .22 rifles were able to kill fourteen in less than an hour 
without moving from one spot. Such numbers have not been observed since. 
By 1939, they had declined considerably, but were still numerous. No pro- 
nounced change in numbers was noted between 1939 and 1942. During this 
latter period, an observer could see, on any favorable day, about six per mile 
along the ridge road. In 1943, however, they were so uncommon that not over 
a dozen were seen by Hochbaum all summer. Hochbaum noted a slight in- 
crease in 1944 and 1945. In 1946, the ground squirrels were still rare at Delta. 
For the entire season, I recorded less than two dozen animals. 











116 JOURNAL OF MAMMALOGY Vol. 29, No. 2 


To gain some idea of population density, a dawn-to-dark census by shooting 
was undertaken. On June 29, 1940, Aldo Leopold, Torrance Ward, and I took 
every individual on a measured four acres. The weather was warm, calm, and 
bright—ideal for squirrels to be out. The day’s kill was sixteen, four squirrels 
per acre. On the following day, I watched the area and, as I saw no squirrels, 
the census was apparently complete. On July 14, 1941, Dr. William H. Elder 
and Torrance Ward killed twenty-two squirrels (5.2 per acre) on the same area. 
Since the Delta ridge had been heavily shot in 1940, prior to the first census, the 
1941 increase may not be significant. It should also be noted that the 1941 
census was made two weeks later in the season. 

By compiling the recollections of farmers and naturalists in southern Mani- 
toba, McLeod (1933) gave the peak years of abundance as 1912, 1917, 1923, 1927, 
and 1932. Our Delta observations indicate that 1938 should be regarded as a 
peak year and 1943 as a low. By combining our Delta observations with Mc- 
Leod’s data for southern Manitoba, it seems likely that peaks in ground squirrel 
numbers can be expected every four to six years. 

Life history notes——The voice of the ground squirrel was first described by 
Kennicott (1857) as “a remarkably clear whistle, more musical than the voice 
of any mammal I have ever listened to, and as clear as that of any bird.” Seton 
gave almost the same description, but doubted that females utter any calls. I 
have found that females, although not in voice so often as the males, call just as 
clearly. 

These squirrels are good climbers. Although they lack the tree squirrels’ 
ability to jump from bough to bough, they traverse the limbs with ease and speed. 
On several occasions, I have seen a male pursuing a female among the top bran- 
ches of a tree. Captive Franklin ground squirrels were able to climb one-inch 
wire mesh walls with ease, even clinging to the wire top, whereas richardsonii 
individuals climbed the walls with some difficulty and were quite unable to cling 
to the top wires. 

Lyon (1932) wrote, “These ground squirrels are good swimmers. I tried to 
drown one taken in a number 1 steel trap and found that the animal not only 
was able to keep afloat despite the weight of the trap, but was able to swim with 
it.” I put a captive into a ditch to see how well it could swim; it crossed an 
expanse of water twenty feet wide without difficulty. Despite their observed 
ability to swim, I do not believe that they voluntarily cross water in their travels; 
dry islands, at Delta, separated from the mainland by only a few yards of open 
water are not inhabited by squirrels. 

During the mating season, there is general fighting among the males. They 
bite each other around the rump, seemingly in an effort to reach the testes. At 
this time, nearly every male has a bare spot or a cut on its back about two inches 
ahead of the tail base. I saw my captive males lacerate each other several times 
during the season. Such injuries often become infected. When several captive 
males were put in a pen together, during the mating season, the strongest squirrel 
soon established his dominance. After dominance was established, fighting was 
less severe. 

Seton (1929) wrote that a captive ground squirrel kept by him drank copiously 
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and he believed that the water supply may limit their distribution. Our cap- 
tives drank water often, but did not require it when given plenty of green, suc- 
culent leaves such as sow thistle. One adult male on a diet of dry grain and no 
water lost weight rapidly. On the other hand, my captive Richardson ground 
squirrels thrived without water on a diet of grain alone. I conclude that the 
Franklin ground squirrel requires water, but that, in the wild, succulent plants 
may suffice as a supply. 

My captive ground squirrels had regular places in the corners of the nesting 
boxes to deposit their scats and were never observed to drop them elsewhere. 
In several burrows that I examined, the scats were deposited in small chambers 
tributary to the main burrows. 

The curiosity of the ground squirrel makes it easy to capture by snaring. 
When one is chased into its hole it does not remain down long, usually less than 
a minute, before curiously protruding its head to look around. At this moment, 
a quick jerk of the snare captures the squirrel. Many times, however, I have 
placed a snare where the squirrel entered only to find him watching me from an- 
other entrance to the same burrow. 

According to Kennicott (1857), ‘It is usually found living alone or in pairs. . . 
this is perhaps owing to their small numbers; for the species appears to be nat- 
urally gregarious, and at times, large companies live together, burrowing within a 
few feet of each other, several pairs even entering the same hole.” Apparently 
the species hibernates in groups. On the first few days after the spring emer- 
gence at Delta, many squirrels may be seen near a few dens. The Franklin 
ground squirrel comes out of hibernation about two weeks later than richardsonit. 
The first spring records of the Franklin ground squirrel above ground, at Delta, 
for the nine years 1939-1947 inclusive, are, respectively, April 18, 20, 16, 
14, 21, 22, 19, 21, and 26. For the Richardson ground squirrel, they are: 
April 7, 5, March 29, April 1, no record, no record, March 22, 20, and April 1, 
respectively. 

The first to emerge are the males; the females follow about a week later. The 
first squirrels shyly sneaking through the underbrush are not easily seen, but one 
hears, against the prevailing quiet, a low rustling of leaves and the cracking of 
hard cherry stones. Other items of food during the first few weeks following 
emergence are succulent roots, new shoots, leaves of stinging nettle, and grasses. 
Again, in late summer or early autumn when mild weather still prevails and food 
is abundant, the Franklin ground squirrel goes below ground for extended periods. 
This occurs before the catbirds have departed from the thickets and while there 
are still bands of downy ducklings in the marsh. A sharp decline in numbers is 
noted in late August or early September. By the middle of September, only a 
few are seen. From our own observations at Delta, we have records of these 
squirrels being above ground as late as October 2. J. Dewey Soper saw one in 
the wooded ridge, October 7, 1945. I suspect that the adults are the first to 
hibernate; I have found only the young of the year active in September. 

The flickertail remains out much later than the Franklin ground squirrel. 
Many flickertails are still active in early October on the Portage plains and during 
mild autumns a few are seen as late as the first week in November. 
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In terms of active hours per year, the Franklin ground squirrel is perhaps one 
of the least active of Manitoba mammals. Both his day and season are short. 
In the vicinity of Delta, his total time above ground amounts to less than 10 per 
cent of his lifetime. The other 90 per cent of his life is spent in his burrow, most 
of it in hibernation. This paucity of active periods greatly curtails the role of 
the ground squirrel both as a prey species and as a predator upon other forms 
and it conditions his relationship with the whole plant and animal environment. 
During hibernation, he is available as prey only to strong diggers and to preda- 
tors like the weasel which are small enough to follow his tunnels. 

During the summer, his time below ground is controlled primarily by weather 
and light. This pattern of daily behavior, influenced by the elements, seems to 
be identical with that of the Columbian ground squirrel (Citellus columbianus 
columbianus). Shaw (1945) stated that “The Columbian ground squirrel is 
definitely diurnal and sun-loving .. . its activities largely controlled by seasonal 
and daily conditions of the sun, wind, temperature and climatic conditions gen- 
erally.” The Franklin ground squirrel is strictly diurnal and is seldom seen after 
sundown, usually retiring a few hours before. 

On some days, even in midsummer, he does not come out at all; low tempera- 
ture, rain, or wind suffice to keep him underground. Wade (1930) pointed out 
that soil temperature does not control the spring emergence of captive ground 
squirrels. It has, however, great influence on their daily activity. My captives 
stayed in their den boxes nearly all day during cool, cloudy weather. On rainy 
days, wild squirrels are seldom seen out of their burrows, but on sunny days fol- 
lowing a sudden shower, they come out in greater abundance than at any other 
time. A strong wind is particularly annoying to them; on very windy days, 
although the weather may be clear and warm, the squirrels remain out for but a 
short while. 

At the time of emergence in the spring, the male’s testes are enlarged and 
descended. The scrotum is so large that it drags upon the ground, causing the 
hair to wear off on the lower surface. Apparently they are ready to breed. The 
first implantation sites in the uteri of females were observed on May 3. This 
indicates that the earliest copulations took place during the last week in April 
when the first females emerged from hibernation. Hence, the females’ time of 
emergence seems to determine the date of breeding. 

During the period of breeding, which reaches its peak during the first week in 
May, both sexes emit a powerful, musky scent. This musk arises from three 
anal glands, about 9 millimeters in diameter, embedded in the flesh around the 
rectum. When the squirrel is excited, the ends of the ducts show as three white 
spots, one above and one on each side of the anus. 

For the first three weeks after their emergence the females are pursued by many 
males. The pursuits take place on the ground among the bushes, under the 
ground in the dens, and even among the tree tops. On several occasions I have 
watched these mating pursuits until the squirrels went into their burrows; much 
noise came from the burrow as they struggled underground. Since none of us at 
Delta have seen them copulate in the wild, it seems likely that this act takes place 
in the den. Copulation was observed twice among our captives. In each in- 
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stance the male chased the female into the nesting box, seized the back of her 
neck with his teeth, threw her on her side, and with all four feet held her in the 
same position which he employs while breaking a duck egg (see Plate I). On 
one occasion copulation lasted five minutes; the other time it lasted nine minutes. 

The breeding season is over by the first of June and no second litter is raised. 
Of twenty animals collected on July 14, 1941, regression of the reproductive 
systems was apparent in all cases. All males collected on or after this date had 
testes weighing less than one gram each. In all adult females, placental sites 
showed clearly in the uteri, but no large follicles were present in the ovaries. 

This extremely short breeding season and one litter a year seems to hold for 
several species of the genus Citellus. Wade (1927), working with the thirteen- 
lined ground squirrel, found that males were sexually active for only a short time 
in spring and that regression of the reproductive system was rapid. Shaw (1925) 
found the same to be true of the Columbian ground squirrel. At Delta, Elder 


TABLE 1.—Litter size in the Franklin ground squirrel 


OBSERVER PLACE NUMBER IN LITTER 
Bailey, Bernard (1929) Minnesota 10 
Seton, E. T. (1929) Manitoba 4 
Seton, E. T. (1929) New York Zoo 6 
Parker, G. 8. (Cory, 1912) Illinois 5,7 
Sowls, Lyle K. Manitoba S. 7.3.6.9 
Klder, W. H. Manitoba 5, 7, 7, 8, 8, 8, 8, 8, 9, 9, 9, 9, 


10, 10, 10, 11 


(unpublished) found that there was no possibility of a second litter in the Rich- 
ardson ground squirrel due to the early regression of the reproductive system. 

To determine litter size, Elder made embryo counts in animals collected in May 
and placental scar counts in animals collected in July. I made embryo counts to 
determine litter size in all but one case. The assembled data on twenty-six lit- 
ters (Table 1) shows a range in size from five to eleven with an average of 7.5 
young. 

A pregnant female, captured on May 15, 1940, gave birth to eight young on 
June 2. At birth the young are about an inch long, naked, and reddish pink in 
color. No weight was taken for four days for fear that disturbance would cause 
the mother to devour them. On the second day one disappeared and it seemed 
likely that she had eaten it. The development of the remaining young is shown 
on Plate II. I weighed the young squirrels every three days and thus obtained 
the growth curve presented in Figure 1. This curve is terminated after five 
weeks because at that age the young left their mother and escaped. 

From a condition of naked helplessness, the young developed rapidly. By 
the ninth day they were covered with short hairs; by the sixteenth day they were 
fully haired. On the eighteenth day their eyes began to open, and by the twen- 
tieth day the eyes were fully opened. From then on the young were no longer 
content to lie in the nest, but began exploring the brood chamber and giving 
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voice to shrill whistles. At thirty days they undertook short excursions out of 
the brood chamber and were whistling constantly. 

The young squirrels escaped on July 13, at thirty-nine days of age. There- 
after, I had to rely on specimens of wild young to study development. I was 
unable to secure enough weights to extend Figure 1, but by the middle of Septem- 
ber the wild young, presumably about seventeen weeks old, were almost as large 
as their parents. 

Wild young are apparently weaned early in July. Many voung, all of one 
size, come out along the ridge road at that time. This fact sustains the ana- 
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Fic. 1.—Growth curve of Franklin ground squirrels. 


tomical evidence of a limited breeding season. In 1939, the first young squirrels 
appeared on July 2 and in 1940, on July 5. 

In preparation for the birth of her young, the female carries much grass into 
her burrow. On June 20, 1940, I watched a wild female, apparently with young 
or preparing to have young, carrying grass into her den. She made a dozen 
trips in an hour, each time carrying a large mouthful of quack grass (Agropyron 
repens). Although many other plants were present the quack grass seemed to be 
preferred. 


The Franklin ground squirrel has been regarded by most writers as an om- 
nivorous feeder. To determine the foods and feeding habits of this rodent at 
Delta, I used three methods of study: stomach analysis, field observations, and 
artificial feeding of captives. By these means, I tried to determine palatability 
of wild foods, the amount of food consumed, the methods of killing prey, and 
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Franklin ground squirrel breaking a duck egg. 
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general feeding habits. No single method of study proved adequate, but the 
gaps left by one were usually filled by another. 

Table 2 shows the principal foods found in the 178 stomachs examined. Much 
of the vegetation was so finely chewed that it could not be identified, and is 





PLATE II 


Upper: Franklin ground squirrels ten days old 


Lower: Franklin ground squirrels twenty-four days old 


listed as unidentified herbage or roots. Vegetable material made up over three- 
fourths of the total bulk of stomach contents. Small diagnostic parts made it 
possible to identify most of the animal matter. 

In April, when ground squirrels come out of hibernation at Delta, their prin- 
cipal foods are succulent roots, cherry stones, green nettle shoots, and grasses. 
By about May 10, the tender shoots of wild pea, sow thistle, dandelion, wild 
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cucumber, and many other plants augment the diet. From then on the vegeta- 
tion develops rapidly. By June 15, the beach pea is in bloom and by the last of 
June its seeds and pods furnish a large part of the ground squirrel’s food. From 
July 1 until autumn is a time of plenty. The sow thistle, a favorite food, fur- 
nishes leaves, buds, and blossoms which are eaten in large quantities. The red- 


TABLE 2.—Frequency of occurrence of principal foods of the Franklin ground 
squirrels in 178 stomachs collected in 1938, 1939, and 1940 


| NUMBER OF STOMACHS CONTAINING EACH FOOD 


FOODS } ———s 7 ~~ ee ee 
| April May | June July | August |  --¥ 
VEGETABLE MATTER 
Sow thistle (leaves, buds, blossoms) | 7 6 2 
Beach pea (seeds and pods) 4 10 | 2 | 
Chokecherry (fruit and stones) 5 | eh 4 
Red-berried elder (berries) 9 1 
White clover (leaves) 1 | 
Unidentified seeds 1 | 2 | 
Unidentified herbage 22 | 565i 5 
Unidentified roots and tubers 7 5 
ANIMAL MATTER 
Mice (adults) | 5 8 1 
Mice (young) 4 
Snowshoe hare 2 2 -— 
Toads 5 | 
Carrion 2 3 3 
INSECTS 
Ants l 
Beetle 1 - 
Grasshopper eggs... 2 
Grasshopper 4 | 
Unidentified larva 4 
Unidentified pupae 9 1 | 2 | 
| | | 

BIRD REMAINS 
Unidentified passerine 2 
EMPTY | a | 


TOTAL STOMACHS EXAMINED. . 12 9 Oo; & i; 3 | 8 


berried elder fruits ripen about July 10 and the chokecherries begin to ripen the 
first week in August. Although climbing is required to obtain these two bushy 
fruits, they make up a large proportion of the food. After August they shrivel 
and fall to the ground, thus becoming more available. The stinging nettle, 
which is extensively eaten in the spring but grows beyond reach in July, becomes 


a 
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top-heavy and loaded with seeds in August. After the stems bend toward the 
ground the squirrels eat the seeds and terminal buds. 

Instances of garden depredations by the “gray gopher” have been described 
by several writers and can be heard from almost every farm gardener on the 
Portage plains. There, the farmstead and garden are usually located in the 
shelter of a prairie bluff which is the habitat of many ground squirrels. In the 
wild, and among my captives, I found that the squirrels were very fond of car- 
rots, garden peas, string beans, tomatoes, and potatoes. They would not eat 
rhubarb, onions, or peppers. 

The carnivorous tendencies of the Franklin ground squirrel have been discussed 
by Vernon Bailey (1893 and 1926), Johnson (1922), Seton (1929), and Howell 
(1938). According to Bailey, animal matter makes up about one-third of its 
food. In summing up the meat eating propensities of the gray gopher, Howell 
said, “Individuals of this species have been known to kill and eat wild mice and 
a young rabbit, to rob a meadowlark’s nest, to kill a wood pewee, to capture small 
chickens, and to eat hens’ eggs.”” Stomach analysis data and field observations 
at Delta likewise revealed a strong carnivorous tendency; about one third of 
the 178 stomachs contained animal matter. No quantitative analysis was 
made. 

Live mice, placed in pens with captive squirrels, were always eaten, but dead, 
cold mice were refused. The squirrel invariably seized the mouse by the head 
and began eating it while still kicking. With the mouse in its forepaws, it care- 
fully pealed back the skin and large intestine. Such remnants of mice, including 
parts of the viscera and tail, were often found along the ridge road, with tracks 
in the sand as evidence that a mouse had been killed and eaten by a ground squir- 
rel. Of the 178 stomachs, 14 contained remains of adult mice and four contained 
young mice remains. The latter were presumably obtained by robbing a nest. 
Mice are abundant on the Delta ridge and, from evidence at hand, constitute an 
important part of the ground squirrels’ animal food in this locality. 

In 1939, I saw ground squirrels eating toads and frogs along the ridge road. 
In 1940, live toads and frogs were offered to the captive squirrels. Upon sight- 
ing a toad, the squirrel seized it and began pawing the toad’s back with its sharp 
claws. This was probably to dispose of the external serous glands which ap- 
parently impart a bad taste. After early sampling bites, the squirrel wiped its 
mouth on the ground. If the first bites were distasteful, pawing and tasting were 
continued until the toad was rendered palatable. Then the head was eaten, 
finally the entire toad was consumed. 

It is a common sight to see one of these rodents dash from the edge of the 
“bush” into the roadway and seize a grasshopper. It then retreats to the edge 
of the roadside vegetation and, holding the grasshopper in its forepaws, quickly 
devours it. The squirrel when thus seeking cover usually selects the shady edge 
of the road rather than the sunny side. 

Nearly everyone who has written about the Franklin ground squirrel has 
mentioned it as an enemy of poultry. This charge was attested by several farm- 
ers on the Portage plains whom I questioned. Mr. Stuart Criddle of Treesbank, 
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Manitoba, wrote me that “They often become a serious pest to poultry as they 
destroy large numbers in quick order. I have known them to kill fowl nearly 
half grown.” Evidence of depredations upon ducklings will be discussed later. 

Vernon Bailey (1926) wrote, “...when caught in traps or found dead, they 
are even eaten by their own kind.” At Delta, cannibalism was observed twice 
among captive animals and once in the wild. On July 8, 1940, one young squir- 
rel escaped from its pen into the neighboring enclosure where an old female was 
kept. When I visited the pen she had eaten all of the young squirrel except the 
inverted skin, large bones, tail, and parts of the viscera. The other instance 
occurred on August 2, 1940, when an old male devoured another adult squirrel 
which had been kept in the same pen and had killed itself on the wire trying to 
escape. On July 18, 1938, Albert Hochbaum found an old squirrel devouring a 
freshly killed young one. 

The Franklin ground squirrel as a prey species—Available information indicates 
that the Franklin ground squirrel, when compared with other rodents, is rela- 
tively unimportant as food for carnivores or birds of prey. This is probably be- 
cause the squirrels spend so short a part of their lives above ground, because 
they are hard to catch, and because they are less abundant than the smaller 
rodents. The existing information on this matter is from scattered localities 
with diverse ground squirrel densities, and it is therefore difficult to interpret. 

According to Seton (1929), the Franklin ground squirrels’ principal enemy in 
Manitoba is the red-tailed hawk (Buteo borealis). This seems likely in the 
case of animals living in the prairie “bush,” but on the Delta ridge the red-tail 
is uncommon. Errington and Breckenridge (1938), working in Minnesota, 
Iowa, and North Dakota, found Franklin ground squirrel remains in only two of 
forty-four red-tail stomachs examined. In the Delta area, the marsh hawk 
(Circus) is the most abundant nesting hawk, but it lives principally upon mice 
and fledgling blackbirds. Of sixty-six marsh hawk pellets examined by us, only 
two contained ground squirrel remains. Working in the same region where they 
gathered red-tail data, Errington and Breckenridge (1936) found young Frank- 
lin ground squirrel remains twenty-two times and adult remains three times in 
336 marsh hawk pellets. 

Other resident hawks at Delta include the Cooper’s hawk (Accipiter coopert) 
and the broad-winged hawk (Buteo platypterus), both of which nest in small 
numbers on the ridge. We found no evidence that they preyed heavily upon the 
ground squirrel, but some predation by these hawks seems likely, especially dur- 
ing the late summer flight when migrants from the north augment their numbers. 
In addition to these, the rough-legged hawk (Buteo) and the sharp-shinned hawk 
(Accipiter velox) are common during migration. I obtained no stomachs or pel- 
lets from these hawks. Errington and Breckenridge, however, found ground 
squirrel remains in one out of twenty-three rough-legged hawk stomachs ex- 
amined from Iowa, Minnesota, and North Dakota. 

At Delta, the nocturnal raptors are the great horned owl (Bubo), which nests 
on the ridge, and the short-eared owl (Asio flammeus), which nests in the marsh. 
I studied the pellets and food remnants around two horned owl nests, but found 
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no evidence of horned owl predation upon this squirrel. In Iowa, Errington, 
Hamerstrom, and Hamerstrom (1940) found remains of Citellus (undetermined 
species, either Franklin or thirteen-lined) only eight times in 4,815 pellets, or 
in 0.2 per cent of the pellets they examined. No long-eared owl (Asio wil- 
sonianus) pellets were examined by me. Of 100 short-eared owl pellets, which 
I examined, none contained remains of the ground squirrel. From the data at 
hand it seems that raptorial birds do not cause heavy mortality among the ground 
squirrels at Delta. 

Seton (1929) lists the weasels, mink, fox, anc coyote as important enemies of 
the Franklin ground squirrel in southern Manitoba. The skunk (Mephitis) 
which is generally common in all ground squirrel habitat should be added to this 
list. The short-tailed weasel (Mustela erminea) and the long-tailed weasel 
(Mustela frenata) are abundant. In the fall of 1939, Mr. Edward Ward ob- 
served a long-tailed weasel killing a ground squirrel. The weasel had taken the 
squirrel from its hibernating burrow as evidenced by tracks in the snow. I ex- 
amined 122 mink (Mustela vison) scats and found ground squirrel remains in 
only three. However, most of these scats were collected in the deep marsh and 
the scarcity of squirrel remains is therefore not a fair index to mink predation. 

Errington (1937), in Iowa, found Franklin ground squirrel remains in one of 
eleven badger (Taxidea) scats, and in one of fifteen red fox (Vulpes fulva) scats 
(1935) which he examined. Foxes and coyotes (Canis latrans) were rare at Delta 
during the period 1938 through 1942. In 1943, foxes became common and the 
number of coyotes increased. We have never seen badgers on the Delta ridge, 
but they are occasionally seen on the prairies bordering the marsh on the south. 

From data available, I believe that predation upon the Franklin ground squir- 
rel is light and does not serve to check its increase. The cause of declines in 
ground squirrel populations, such as occurred at Delta between 1938 and 1939, 
are as yet obscure. McLeod (1933) believed that climatic extremes, infertility, 
and bacterial and helminth parasitism may account for die-offs. 

Parasites and disease—A parasitological survey of the genus Citellus in Mani- 
toba has been made by McLeod. Hence, I made no special effort to study the 
parasites of the Franklin ground squirrel. Stomach worms, however, were 
noticed while examining stomachs for food contents. Their identity was de- 
termined by Dr. B. B. Morgan, Department of Zoology, University of Wisconsin, 
to be: Citelliiema bifurcatum (in six of forty-five stomachs), Sublura sp. (in two), 
and Physaloptera massino (in two). All of these parasites except one (Sublura) 
were previously found by McLeod. In addition to these, McLeod found two 
internal parasites (Rictularia citelli and Weinlandia citelli). 

Most of the ground squirrels collected at Delta were infected with external 
fleas of the genus Orchopeas. As soon as the animal is killed these fleas leave the 
body; hence, no accurate count on the fleas per squirrel could be made because 
most of them were shot by local boys and I did not see them until several hours 
later. 

In addition to the adult forms of parasites found, one female ground squirrel, 
collected in July, 1940, had a tapeworm cyst (Cysticercus sp.) in the liver. One 
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squirrel had large amounts of calcium deposited throughout the mesentery and 
liver. The cause of this general calcification was not known. 
RELATIONSHIP TO DUCKS 

The ground squirrel as a predator in the Delta Marsh.—In late June, 1939, 
Hochbaum followed the histories of ten ducks nests; in 1939 we studied seventy- 
eight nests, and in 1940, one hundred eighteen. Thus, over the three-year 
period, the histories of 206 nests were completed. We used the procedures out- 
lined by Errington and Hamerstrom (1937) and by Kalmbach (1937) to find the 
extent of nest destruction by predators. These included the cruising of nesting 
cover and the revisiting of nests to determine their outcomes. Most nests were 
found by flushing the hen from the nest in the morning. In searching for nests, 
and in revisiting them, we heeded Kalmbach’s precautions. Vegetation about 
the nest was not disturbed, extreme care was taken to avoid the creation of 
trails through the nesting cover, and nest hunting ceased when crows or ground 
squirrels were noted in the vicinity. 

Decisions regarding the outcome of nests were made after a careful study of all 
available evidence, particularly remaining egg shells. Hatched nests were identi- 
fied by the characteristic clean-cut shell and egg-cap membranes. Predator 
destruction (crow, ground squirrel, and skunk) was identified by the evidence 
left by the predator in breaking the eggs. The eggshell evidence was compared 
with samples of destructive work done by the three predators. For crow (Cor- 
vus) and ground squirrel work we fed eggs to captives to obtain samples. To 
determine appearance of skunk damage, we placed eggs at their dens and later 
studied the destruction. Each predator leaves evidence that is characteristic of 
his work. 

The skunk and the ground squirrel broke the shell with their teeth, employing 
paws and tongue as well to enlarge the opening. The crow broke the shell with 
its bill. Plate III shows egg shell remains from each predator’s destruction. 
Characteristic evidence of the work of each is here summarized: 


The crow and the ground squirrel usually break only half or less than half the shell; the 
skunk usually breaks more than half the shell. 

Crows never crush the shell; ground squirrels seldom crush the shell; skunks usually 
crush the shell. 

Ground squirrels and crows do a clean job of eating the egg contents, seldom leaving a 
‘‘mess’’ on shell or in the nest. Skunks spill much of the egg contents on the shell or in the 
nest. 

Ground squirrels, biting at the shell, leave small chips of egg shell and sometimes tooth 
marks. Skunks less frequently leave chips or tooth marks, but, when present, they are 
larger than those of the squirrel. The crow frequently, but not always, makes a small sharp 
perforation with the lower mandible to one side of the main opening. There may be several 
such bill marks. 

Although crow and ground squirrel damage may appear at first glance to be the same, 
the opening made by the crow is usually smaller than that of the ground squirrel and more 
frequently is near one end of the egg. In ground squirrel damage, small fragments of shell 
clinging to the membrane at the margin of the opening are curled inward. The opening 
made by the crow is clean-cut, broken shell and membrane seldom curl inward. 
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PLATE III 
Egg shell remains from: upper left, hatched nest; upper right, nest destroyed by crow; 
lower left, nest destroyed by skunk; lower right, nest destroyed by ground squirrel. 


Photo by W. H. Carrick. 
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The crow and ground squirrel sometimes carry the eggs away from the next and leave 
little evidence. In most instances, where the eggs have been transported, one may expect 
to find the remains of one or more eggs within a few feet of the nest. I have never known the 
skunk to carry eggs away from the nest. 


The ground squirrel’s method of breaking eggs.—Several times we have seen 
ground squirrels carrying egg shells, but we have never seen a squirrel find and 
rob a duck nest. I used my captive animals to observe the manner of breaking 
eggs. With its nose, the squirrel moves the egg to a depression or against a 
mound of earth or clump of grass where it cannot roll away. He then places his 
front legs over the egg, pulls it under his body and locks it there by bringing his 
hind legs forward (Pl. I). He presses his teeth and front legs backward against 
the egg and his hind legs forward in several hard simultaneous thrusts. In this 
manner our captive squirrels were able to break eggs of all species of ducks com- 
mon to Delta except those of the canvasback. The canvasback egg, apparently, 
is too large and thick-shelled to be easily broken. The initial thrusts enable the 
teeth to perforate the egg shell, but this perforation is soon enlarged by biting 
off pieces of the shell. Some small pieces of shell are devoured, but most of them 
are discarded. I tested many captive squirrels, but found no individual differ- 
ences in eagerness or method of breaking and eating duck eggs. 

Errington (1938): found that some but not all of his captive thirteen-lined 
ground squirrels were able to break quail eggs, and that they soon gave up if they 
were not at first successful. These squirrels did not use their bodies as did my 
Franklin ground squirrels, but sed only their mouths. Emlen and Glading 
(1938) have shown that the Caiuornia ground squirrel (Citellus beecheyi) breaks 
quail eggs with its mouth only. 

A series of movies and still pictures of a captive Franklin ground squirrel 
robbing a dummy nest were taken at the Delta station in 1940 by a Ducks Un- 
limited (Canada) photographer. These have been widely distributed in recent 
years captioned as a wild squirrel robbing a real duck nest. Table 3 is a sum- 
mary of the outcomes of 206 duck nests. The nests are divided into three groups: 
hatched, destroyed, and deserted. The second group is further divided to show 
the cause of destruction. 

Thirty-five per cent of the 206 nests hatched successfully. This is a much 
lower degree of success than was recorded by other workers at other places. Of 
512 nests of thirteen species in Alberta and Saskatchewan, Kalmbach (1937) 
found 49 per cent hatching successfully. In North Dakota he (1938) found 54.4 
per cent of 351 nests successful in 1936 and 69.3 per cent of 566 in 1937. Of 223 
blue-winged teal nests, Bennett (1938a) observed a successful hatch of 59.6 per 
cent in Iowa. Low (i945) studying 160 redhead nests in Iowa, reported 56.2 
per cent as hatching. Kalmbach (1939), reviewing the available data on nest- 
ing success studies, showed that, of 7600 nests of thirteen species of ducks and 
the Canada goose, the average hatch was 60 per cent. 

In our Delta study, 96 nests (46 per cent) were destroyed by predators. Of 
this number, 25 (12 per cent) were taken by the Franklin ground squirrel. Ob- 
viously, nests over water or nests on islands were not vulnerable to ground 
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squirrels. I have no evidence of squirrels swimming to nests in emergent vegeta- 
tion and the islands are not inhabited by squirrels. Figures 2 and 3 show the 
relationship of duck nesting areas to ground squirrel habitat. 

Of the 206 nests, 126 (62 per cent) were on dry land within ground squirrel 
habitat. Thus, the 25 nests destroyed represent 19 per cent of vulnerable 
nests. Within its habitat at Delta during 1938, 1939, and 1940, then, the ground 
squirrel was probably as important as the crow in nest destruction. The crow 
destroyed 43 (21 per cent) nests. The heaviest ground squirrel losses were among 
the river ducks which as a group nest most frequently within squirrel habitat. 
Of the 117 river duck nests, 104 (88 per cent) were vulnerable. Of these nests 
16 (15 per cent) were destroyed by squirrels. 


_TABLE 3.—Outcome of 206 duck nests: 1938 (10 nests), 1989 (78 nests), 1940 (118 nests) 





: EE 
| PER CENT DESTROYED BY: 
TOTAL PER CENT 


SPECIES 7 i Cees meme: per eneeeen WeCenge 
— a Crow | Squirrel Skunk olathe Flood ee 

Mallard .| 8 | 3 |u| sla] uf] 6] 4. 
Gadwall..... aa 6 16 16 | 50 | 16 | | 
Pintail . . | 34 23 23 9 6 6 | 6 | 6 
Blue-winged teal 33 35 is | 21 | il 6 | 6 | 
Shoveller 8 25 12 | | 25 | 12 | 25 
Redhead . 52 42 2 | 13 { { 4] 7 
Canvasback . 24 58 | 25 17 
Lesser scaup 10 20 30 | 20 10 
Ruddy duck 3 33 33 | | 33 





Total | 206 3 | 21/12 | 8/6); 8 | 10 


Among the 89 diving duck nests, 22 (24 per cent) were within ground squirrel 
habitat. Nine of these nests (41 per cent) were destroyed by ground squirrels. 
The canvasback and ruddy duck rarely nest on dry land. The redhead nests 
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primarily over water and many lesser scaups do likewise; hence, although destruc- 
tion was heavy among the few land nests, ground squirrel pressure on the diving 
ducks is not so severe as on the river ducks. 

Broods of all land-nesting species must travel over land from nest to water. 
Likewise, broods abandoning drying sloughs and broods traveling from marsh to 
lake move overland. Among river ducks especially, broods frequently take to 
land on feeding excursions. Such broods on land are subject to predation by 
squirrels. Evidence of such predation is fragmentary. 

One instance of a squirrel’s killing an almost fully grown mallard was observed 
by Albert Hochbaum and Edward Ward on July 9, 1938, when they were re- 
leasing pen-reared mallards on the lakeshore. Hochbaum said, “Most of the 
ducks were released along the open beach, but one group was given its freedom 
in beach peas 40 yards from water. The moment the crates were opened 
a Franklin ground squirrel darted from the weeds and immediately attacked one 
of the mallards at our very feet. The squirrel savagely bit at the duck’s back, 
then killed it with a bite at the base of the skull. Even before the duck had 
stopped kicking the squirrel was tearing at the feathers and skin of the breast, 
then eating the flesh. In his action the squirrel reminded us of a weasel at the 
kill. The job was done quickly and surely, not appearing to be the work of a 
novice. After the kill we drove the squirrel away and escorted the other duck- 
lings to water. Upon returning three hours later we found only bones and feath- 
ers of the duck remaining and everywhere about these in the sand were squirrel 
tracks.” 

On July 18, 1940, I placed a three-quarter grown mallard into five successive 
squirrel pens. The first four squirrels paid little attention to the duck. The 
fifth one, a large adult male, quickly seized it, killed it, and ate it in the manner 
described by Hochbaum. The same day, Peter Ward and I tethered some three- 
quarter grown pintails in the middle of the road in squirrel infested territory. 
The squirrels paid little attention to the ducks. 

Redhead broods are seen in overland travels more frequently than any other 
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species and may suffer the heaviest losses from squirrels. Nevertheless, we 
‘have watched broods many times through 20 power glasses as they traveled 
along squirrel infested roads, but we have never seen a squirrel take a duckling 
from a brood. We have, however, frequently found remains of young redheads 
along the road with indications of ground squirrel predation. In two instances 
we have found ducklings at the entrance of a ground squirrel burrow. I believe 
it is the individual duckling straying from the brood which is taken most 
frequently. So long as the brood remains together the birds are apparently safe. 

This concept of “safety in numbers” is based on an observation recorded by 
Hochbaum on July 31, 1938: “I followed a female redhead and her five half- 
grown ducklings for about a mile along the road, keeping as far behind as possible 
and watching with 24-power glasses. There were many ground squirrels feeding 
along the roadside, but always they scurried to the edge of the weeds as the brood 
passed, then returned to the road after the brood had moved on. Finally 
I flushed the hen, then retired to a distance to watch the brood as it continued 
along the road. As the young now approached a group of three squirrels the ani- 
mals ran towards them. The ducklings stopped in the middle of the road, 
crowding together in a huddle, each lifting its head as high as the neck would 
stretch. The squirrels approached to within three feet of the ducklings, and for 
several minutes squirrels and ducklings eyed each other, motionless. Then, one 
by one, the squirrels ran back to feed at the roadside and the ducklings, after a few 
more minutes, waddled on their way, reaching the bay forty yards beyond in 
safety.” Since most ducklings travel overland in broods, usually attended by 
the mother, I doubt that ground squirrel predation upon ducklings is heavy. 

Significance of ground squirrel predation.—These Delta studies suggest that the 
Franklin ground squirrel may be an important predator upon duck nests. The 
range of the Franklin ground squirrel covers much of the best waterfowl breeding 
ground in North America; principally the Dakotas, Minnesota, Iowa, and the 
three prairie provinces of Canada. Do the Delta findings apply in other parts of 
this vast area and are the years of our study representative? Let us attempt to an- 
swer this question from the information available. 

Other workers, investigating the nesting success of ducks in other places, give 
us a clue as to whether ground squirrel damage to duck nests is wide- 
spread. These other studies are here discussed by area. 

Of the 512 nests studied by Kalmbach (1937), 334 were within the known range 
of the Franklin ground squirrel in Saskatchewan. Though some nests were de- 
stroyed by unknown predators, Kalmbach found no direct evidence of ground 
squirrel predation upon duck nests. He said of certain areas, “‘. . . nests located 
there in 1934 were exposed to attack or disturbance not only by crows but by 
various small mammals, including roaming dogs, and, on higher ground, 
by ground squirrels.” 

Furniss (1938), working in the same area in 1935 and 1937, completed the his- 
tories of 108 duck nests. He found no evidence of Franklin ground squirrel de- 
struction to duck nests and only three of 108 nests, about 3 per cent, were 
destroyed by an unknown predator. 
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In July 1940, Peter Ward and I made a brief nesting survey in the Netley marsh 
at the south end of Lake Winnipeg. This study was done primarily to determine 
effects of hay mowing upon duck nesting. We did not make complete history 
studies, but found thirty-one nests and determined their outcome. We found no 
damage done by the Franklin ground squirrels although they are common in the 
Netley area. 

Kalmbach (1938) reported on the success of 917 duck nests, predominantly 
river duck species, on the Lower Souris Refuge, South Dakota, in 1936 and 1937. 
Although some nests were destroyed by unknown predators, Kalmbach did not 
mention the Franklin ground squirrel as an important predator upon duck nests 
there. In addition to the 917 nests studied in 1936 and 1937, Kalmbach (1939) 
had available to him the records of 620 duck nests studied on the same area by 
M. C. Hammond of the U.S. Biological Survey. In reviewing all nesting success 
studies in this latter paper, Kalmbach did not mention the Franklin ground squir- 
rel as a predator upon duck nests. 

It should be re-emphasized that the ducks nesting on the Lower Souris Refuge 
are predominantly river ducks and their nests are more vulnerable to destruction 
by small mammals than are the nests of diving ducks. 

Bennett (1938a), investigating the nesting success of the blue-winged teal in 
the Ruthven area in Iowa, 1932 through 1936, found the Franklin ground squirrel 
responsible for the destruction of 1.6 per cent of 250 nests studied. Although 
this percentage is small, Bennett concluded, “It is possible that increased popula- 
tions of the Franklin ground squirrel could be an important factor in nest de- 
struction.” Although this study covered five years in the same region, all nest 
destruction by the ground squirrel occurred in 1935, a drought year in the Ruth- 
ven area. 

In addition to the biue-winged teal nests, Bennett (1935) reported on 103 duck 
nests of other species in 1933 and 1934. Of this group he found no nests definitely 
destroyed by the Franklin ground squirrel although he said, “. . . Franklin ground 
squirrels were common over both periods.”” Low (1945), also working in the 
Ruthven area, studied 160 redhead nests in 1938, 1939, and 1940, and found no 
direct evidence of ground squirrel predation. He said that the Franklin ground 
squirrels may have access to redhead nests which are exposed by receding water 
levels. Low concluded that ‘The destructive animals so commonly associated 
with land-nesting duck species were largely eliminated from consideration because 
the water over which the redhead nested rendered the nests practically inacces- 
sible to terrestrial predators.”” Bennett (1938b) reported on an additional 22 red- 
head nests studied over a five year period and found no damage by the Franklin 
ground squirrel. Bennett (1938b) and Low (1941) studied twenty-two and sev- 
enty-one ruddy nests, respectively, in Iowa and found no damage by Franklin 
ground squirrels. Low’s conclusion on the inaccessibility of redhead nests to 
terrestrial predators holds true with ruddy ducks. As a rule, ruddy duck nests 
are even less accessible than those of the redhead. 

The fact that investigators in other areas did not find the Franklin ground 
squirrel destructive indicates either that there was little damage by this rodent 
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or that ground squirrels were not abundant enough to cause damage. I conclude 
that ground squirrel predation upon duck nests is a local problem, causing serious 
losses only during certain years and in certain places. Marshy areas with wooded 
borders offer most ideal situations for ground squirrel predation upon duck nests. 
Such is the Delta marsh where nineteen miles of wooded ridge furnish an ideal 
ground squirrel habitat bordering a duck-nesting marsh. J. Dewey Soper, who 
has had many years experience in the waterfowl breeding grounds of western 
Canada, wrote me: ‘So far as I know, the Delta area is the largest in the prairie 
provinces where the Franklin ground squirrel habitat borders on such important 
duck-nesting ground.” 

Ground squirrel control—Ground squirrel control as practiced in agricultural 
country is not suited to wild marsh areas. This is due to the amount of disturb- 
ance of and risks to desirable forms of wildlife that accompany such methods. 
Shooting as a means of control, in addition to the disturbance factor, is too costly 
to be practical. In a test at Delta, it required thirty man-hours to eliminate the 
ground squirrels on one acre of duck-breeding habitat—using shotgun and rifle. 
The animals are very alert when hunted, hard to kill in dense cover, and, as we 
have seen, spend only a relatively short time above ground. 

Poisoning is a non-selective method, too dangerous to desirable wildlife species. 
For example, Linsdale (1931) found that in poisoning California ground squirrels 
at least sixty species of wildlife other than ground squirrels are known to have 
been killed. 

The wisest policy in regard to the Franklin ground squirrel in a wild marsh 
seems to be to let cycles run their course and not attempt means of artificial con- 
trol. When dealing with rodents subject to violent reductions in numbers from 
natural causes, such as the Franklin ground squirrel, artificial control may even 
help the continued abundance of the rodent rather than hinder it. Hamilton 
(1937), working on the meadow mouse (Microtus pennsylvanicus), said, ‘All avail- 
able evidence indicates that disease is the control factor that terminates these 
mass increases of rodents ... and... where great masses of mice assemble follow- 
ing a rapid increase in numbers, the spread of contagious disease is spectacular.” 
McLeod (1933), working on the genus Citellus in Manitoba, suggested that epi- 
demic disease regularly occurs when populations reach a certain density. Lins- 
dale (1946) discussed another aspect of control’s aiding rather than hindering 
rodent populations. Of the California ground squirrel Linsdale said, “. . . one 
effect of extensive killing of squirrels is to increase the rate of producing young 
by the survivors.” 





SUMMARY 


The average weight of ten adult males was 473 grams; seventeen adult females, 
426 grams. 

Franklin ground squirrels range primarily in the Transition Zone, but overlap 
into “pure” Canadian types along the northern fringe of their range in Canada. 
They are animals of the “edge.” Their favorite habitat is the area where woods 
and open country meet. 
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Population densities are extremely variable over a period of years and cyclic 
declines and rises are in evidence. A peak population was reached at Delta, 
Manitoba, in 1938. 

A nine year average emergence date at Delta was April 19. A seven year aver- 
age emergence date for the Richardson ground squirrel in the same region was 
March 29. 

Males are the first to emerge from hibernation. 

Daily activity is greatly influenced by sunlight, wind, and temperature. Less 
than 10 per cent of the ground squirrel’s entire life is spent above ground. 

Mating takes place as soon as the females emerge. Only one litter is raised 
per year. Average number of young from twenty-six records of fetuses and lit- 
ters was 7.5. 

Exact length of gestation period is unknown. 

The young develop rapidly and by the autumn of the first year are nearly as 
large as the adults. 

Animal food makes up about one-third of the ground squirrels’ diet. It in- 
cludes mice, young snowshoe hares, toads, frogs, insects, and occasionally young 
birds and birds’ eggs. The principal plant foods at Delta include sow thistle, 
stinging nettle, beach pea, red-berried elder, chokecherries, and white clover. 

Squirrel predation upon gardens is common. Vegetable preferences are peas, 
beans, lettuce, cabbage, newly planted corn, carrots, tomatoes, and potatoes. 
Captive squirrels would not eat onions, rhubarb, or peppers. 

Cannibalism was noted twice among captive squirrels. 

Enemies of the ground squirrel are the buteo hawks, weasels, mink, and skunks. 
From evidence obtained at Delta, it seems that predators are relatively unim- 
portant in checking the numbers of this rodent. 

Parasites found in Deltu specimens were Citelliiema bifurcatum, Sublura sp., 
and Physaloptera massino. 

Predation upon wild duck eggs was determined by studying the outcome of 206 
duck nests during 1938, 1939, and 1940. Of this figure, 126 (62 per cent) were 
within the habitat of the squirrel. Of 126 vulnerable nests, 25 (19 per cent) were 
destroyed by squirrels. Within its habitat at Delta during these three years, the 
Franklin ground squirrel was probably as destructive of duck nests as was the 
crow. The crow destroyed 43 (21 per cent) nests. The ground squirrel grasps 
a duck egg under its body, thrusts it forward against the teeth by using the hind 
legs, and thus breaks a small hole in the shell. The hole is then enlarged by biting 
off fragments of the egg shell. 

The Franklin ground squirrel is able to kill young ducks which are almost fully 
grown. A brood making an overland excursion is fairly safe from squirrels so 
long as it remains together; however, scattered broods or strays from the brood 
are vulnerable to attack. Ground squirrel predation upon duck nests is a local 
problem in certain places at certain times. The Delta area, in 1938, 1939, and 
1940, apparently offered ideal conditions for maximum destruction. 

Ground squirrel control in wild marsh areas is too costly and too harmful to 
beneficial forms of wildlife to be practical. When populations are dense enough, 
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disease and parasites cause sharp declines in numbers. Artificial control may do 
more harm than good by averting these natural controls. 
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THE SKULL OF THE LOUISIANA MUSKRAT (ONDATRA ZIBETHICA 
RIVALICIA BANGS): I. THE SKULL IN ADVANCED AGE 


By Haritey N. Gou.tp AND FLorENCcE B. KREEGER 


For an introductory statement of the general purpose of this and projected 
studies, we cannot do better than quote a sentence written by J. A. Allen (1894): 
“In view of the stress naturally, and very properly, laid upon the importance of 
cranial characters in the discrimination of species in groups of closely allied forms, 
it seems desirable to ascertain the character and amount of change in not only 
the general form of the skull but in the form of its separate bones due to growth, 
and also to determine the amount and kind of individual variation that may be 
expected to occur in skulls unquestionably of the same species.” Our original 
objective was a craniometric study of the adult skull of the Louisiana muskrat, 
made on a sufficiently large number of specimens to demonstrate the full range of 
variation in size and proportions, with attention to sexual and geographic vari- 
ations. Such a study could serve as a standard for comparison when smaller 
collections of muskrat or other rodent skulls are to be assayed regarding their 
taxonomic positions, ecological or geographic variations, and evolutionary 
relationships. 

With this purpose in mind, a collection of about 2100 skulls was made and pre- 
pared for study, chiefly by the junior author, during the winters of 1939-40 and 
1940-41. The material was drawn from several points along a range of some 250 
miles between the extremes of the eastern and the western Louisiana marshes. 
In the course of a preliminary (unpublished) investigation of 2092 specimens 
made by Kreeger, observations were recorded on body length, sex ratio, incidence 
of pregnancy, and skull dimensions based on four skull measurements. These 
observations indicated that body and skull size increased from the eastern toward 
the western part of the range. The sex ratio of the trapped animals was 117 
males to 100 females. Eleven and nine-tenths per cent of the females could be 
identified as pregnant from a gross examination of the uterus, with an average of 
3.7 embryos or fetuses per pregnant female. Since Mrs. Kreeger was unable to 
continue work with this material, the subsequent study has been done by the 
senior author. 

Judging by the size of the smallest pregnant females, most of the animals from 
which our skull collection was made must be considered reproductively adult. 
Examination of the material, however, showed great variability in age, evident 
from the differences in the molar teeth, the external skull characters, and the 
density of the bone. For accurate analysis it is necessary to take account of rela- 
tive age, as Dice (1932) has emphasized in the case of the deermouse. 

Data on the length of prenatal and early postnatal life in muskrats are availa- 
ble (Errington, 1937, 1939; Svihla and Svihla, 1931), but the length of the adult 
life is unknown. Only a few of the muskrats banded and released by Mr. Ted 
O’Neil of the Louisiana Department of Wildlife and Fisheries (personal communi- 
cation) have been recovered. The last one reported was brought in three years 
after its release as a young adult. It is unknown whether growth of body and 
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skull continues throughout life. The importance of this matter in taxonomic and 
ecological studies is indicated in the quotation from Allen above. 

It seemed advisable, therefore, to make a preliminary study of skulls selected 
for evidences of advanced age and presumably completed growth changes. 
Three hundred fifty-seven such skulls were found in the collection, 158 males and 
199 females. This paper deals with the dimensions and proportions of only the 
aged skulls. The criteria for their selection will be described later. 

Sources of material.—The entire sample of about 2100 specimens was acquired 
in the form of skinned carcasses of animals trapped during December, January, 
and February of 1939-40 and 1940-41. Much of the material was obtained 
directly from the trappers as they skinned the animals. Some of the collections 
from the more distant parts of the state were shipped to us in large drums of weak 
phenol solution. 

Specimens were taken from several localities: in southeastern Louisiana, one 
sample from the vicinity of Delacroix Island, in the swamps on the border be- 
tween Plaquemines and St. Bernard Parishes, and one from a trapping camp on 
Gentilly Highway, within the city limits of New Orleans; in south-central Louisi- 
ana, from the region near Abbeville in Vermillion Parish; in the southwest, from 
two localities in the Sabine wildlife refuge in Cameron Parish, one near Sabine 
Lake on the Texas—Louisiana border, and one in the area near Calcasieu Lake 
some thirty miles eastward from the first. Co-operation of several agencies and 
individuals, to whom we are greatly indebted, made the collection possible. We 
wish especially to acknowledge the assistance of the following: Mr. W. P. Smith 
of the Farm Security Administration; Mr. Harry Adams of the U. 8. Fish and 
Wildlife Service; Mr. Armand Daspit and Mr. Felix Nunez of the State Conser- 
vation Department (now the Department of Wildlife and Fisheries); and Mr. 
Richard Gordon of the Audubon Society. 

Preparation of material.—The bodies were sexed and the females examined in- 
ternally for pregnancy. Body length, from the tip of the nose to the posterior 
end of the pelvis (thus, not including the tail), was measured to the nearest centi- 
meter by stretching the rats on a marked board. The heads were then tagged, 
removed, and the flesh allowed to decompose under bacterial action until it could 
be washed away from the skull. The skulls were dried at room temperature. 
The mandibles belonging to the skulls were saved in a majority of the cases, but 
those which became detached and intermingled with others during maceration 
were discarded. 

Criteria for selecting skulls of aged individuals.—With the recognition that a 
study of adult skull variation necessitates restriction of the population sample to 
a definite age-range, and with the decision to consider first the skulls of animals 
which were at or near the end of adult age-changes, some arbitrary criterion for 
selecting old skulls had to be found. Age-changes in the muskrat appear to be 
continuous and of the same nature as in many other rodents (Allen, 1894; Howell, 
1924; Merriam, 1895). The skull increases in weight and density, the dorsal 
contour becomes less convex, and the surface becomes roughened by local promi- 
nences. In particular the postorbital process of the squamosal is exaggerated, 
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the lambdoidal ridge becomes higher and sharper, and often small bony “horns” 
project forward at the junction of parietal and squamosal on the dorsal surface. 
Plate I shows the external appearance of the aged skull from two views. Sutures 
are generally distinct even in the oldest specimens. 

The molar teeth undergo progressive changes throughout life and their con- 
dition is probably the most reliable indication of relative age. The crowns of the 
three hypsodont molars on each mandible are fluted columns. The fluting is 
obviously caused by the shape of the enamel organ. As the neck of the tooth is 
formed, the fluting is obliterated. When the roots appear, the smooth neck of 
the tooth is pushed gradually toward the surface. The roots elongate, the crown 
is worn down by use, and the entire tooth moves from a deeper to a more super- 
ficial position. Eventually the unfluted neck of the tooth appears outside the 
socket at the alveolar margin. 

Since visibility of the end of the fluting of the tooth as it sits in the socket, in 
the dried skull, is almost always associated with other indications of advanced 
age in the skull, it affords a convenient and definite, though arbitrary, criterion 
for selecting old age skulls. The 357 skulls measured for this report were selected 
with particular attention to the first upper molar since this tooth is usually the 
first of the uppers to show the exposed lower end of the grooves. The first molar 
of the lower jaw may show the end of the fluting before any of the upper molars 
do, but, since some of the mandibles had been lost, the lower jaws were not used 
in the selection. Plate II shows the right upper molars of three old skulls with 
progressively more advanced tooth-changes. The bone of the outer alveolar wall 
has been chipped away to show the entire teeth in place. 

Frequency of aged individuals.—The incidence of skulls showing advanced age 
varied, in different localities, from 6 per cent to 40 per cent of the entire sample 
taken in a locality. The highest percentage came from the Sabine Lake area 
near the Texas border. There is a possibility that in one of the collections 
shipped to us there may have been a selection for size. A number of other 
possible factors in this variability, however, have been suggested by Mr. Ted 
O’Neil (personal communication). Among them are: differences in the size of 
the area owned or leased by the trapper, and consequently in the intensity of 
trapping; differences in the type of trap used and in the way it is set; differences 
in the salinity and water level in the marshes, with consequent differences in food 
and predators. Influences other than the above may affect the proportion of 
animals which survive to old age. 

The relative number of the two sexes among the old animals (158 males to 199 
females) is not indicative of the sex ratio in the entire collection, which, as stated 
above, is 117 males to 100 females. Other reports of sex ratios in trapped musk- 
rats usually give a similar high percentage of males (Buss, 1941; Hatfield, 1939; 
McCann, 1944; Marshall, 1937). 

Embryos or fetuses were found in forty-four of the old females (22.1 per cent). 
Pregnancy was almost twice as frequent in this older group as in the total 1040 
females examined by Kreeger. Perhaps some of the animals in the whole sample 
were not yet sexually mature or at least were affected to some degree by “‘adoles- 
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Dorsal and ventral views of the skull of an old male muskrat from Cameron 
Parish, La. Total length, 71.5 millimeters 
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PLATE II 


Right upper molars of three muskrats of advanced ages, from lateral view. Bone 
has been chipped away to expose the teeth in situ. The three figures 
illustrate the range of conditions in the sample studied 


cent sterility.” The mean number of embryos per female was not significantly 
different in the older animals. 
Method of measurement of skull dimensions.—Measurements were taken with a 
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dial caliper, reading to one-tenth millimeter, while the skull was held firmly in any 
desired position by a spring clamp. Ten different dimensions of the skull were 
taken, as described below. The points of reference were chosen mostly according 
to Thomas (1905), though the works of others on skull measurement of rodents 
have been utilized (Donaldson, 1924; Howell, 1924 and 1926; Goin, 1943). The 
dimensions were chosen with the object of disclosing the relations of length and 
breadth in various regions and roughly differentiating splanchnocranial and 
neurocranial regions. All length measurements not in the mid-line were made on 
the left side. The reference points and axes of measurement are indicated in 
Figure 1. The dimensions are as follows: 
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Fic. 1—Skull measurements: A-B, total skull length; C-D, cranial (post-zygomatic) 
width; E-F, zygomatic width; G-H, interorbital width; I-J, cranial (brain case) length; 
K-L, condylo-postalveolar length; K-M, condylo-alveolar length; L-M, alveolar length; 
M-N, diastema length. 


(1) Total (condylobasal) skull length: most anterior point of the premaxillae (or anterior 
surface of incisors if more prominent) to condylions. 
(2) Condylo-alveolar length (Goin, 1943): anterior margin of molar alveolus to condyl- 
ion. 

(3) Alveolar length: anterior margin to posterior margin of upper molar alveolus; length 
of molar tooth row. 

(4) Condylo-postalveolar length (authors’ term) : condylo-alveolar length minus alveolar 
length; distance from posterior margin of upper molar alveolus to corresponding condylion. 

(5) Length of diastema: henselion (posterior margin of alveolus of incisor) to anterior 
margin of molar alveolus. 

(6) Cranial (brain case) length: from anterior surface of most prominent point of postor- 
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bital process to posterior surface of corresponding occipital below lambdoidal ridge. This 
measurement approximates the length of the brain box. 

(7) Cranial (post-zygomatic) width: least distance between outer surfaces of the small 
bars of the squamosal behind the zygomatic arch. This measurement does not give the full 
width of the brain case, but there is no definitely located point from which the full width can 
be taken. 

(8) Zygomatic width: greatest distance between the outer surfaces of the zygomatic 
arches. 

(9) Interorbital width: least distance between the orbits, taken with the fine points of 
the calipers. 

(10) Occipital height: vertical or nearly vertical distance from the basion to the highest 
point of the supraoccipital, in the mid-line. 

The condylo-basilar length of Thomas (1905), from the henselion to the condylion, has 
not been included, but would be equal to the condylo-alveolar length plus the diastema 
length. 


TABLE 1.—Body length and skull dimensions, millimeters 


|COEFFICIENT 





DIMENSION RANGE MEAN | ee yng 
PER CENT 
Body length ile 250.0-330.0 | 296.72 + .75 | 14.14 4.76 
Total skull length. 58.8- 72.3 | 65.47 + .14 | 2.65 4.05 
Condylo-alveolar length. 34.0- 43.4 | 38.69 + .09 | 1.68 4.35 
Alveolar length 13.5- 17.7 15.93 + .04 .72 4.49 
Condylo-postalveolar length 18.3- 26.8 | 22.78 + .07 | 1.34 5.89 
Diastema length......... 19.9- 25.3 | 22.534 .066 | 1.10 | 4.90 
Cranial (brain case) length 24.6- 30.9 | 27.62 + .06 | 1.12 4.05 
Cranial width. . : 19.7- 24.8 22.26 + .03 | .82 3.68 
Zygomatic width. . ceeeseees] 86.2 45.3 | 40.88 + .10 | 1.81 4.43 
Interorbital width seseseseeel)=6©4.09 7.9 | 6.20 4% .08 56 8.93 
Occipital height ice eme al 14.7- 18.8 | 16.68 + .04 .79 4. 


\ 





Absolute dimensions.—Data on body length and the dimensions of the skull are 
brought together in Table 1. All constants in Table 1 are based on 357 individ- 
uals, except in the case of zygomatic width (348 individuals) and occipital height 
(355 individuals). The standard error is used as the measure of reliability 
throughout the paper. Previously, some body measurements on five specimens 
were made by Bangs (1895), who originally named the Louisiana muskrat, and 
a few body and skull measurements on ten specimens were made by Hollister 
(1911). Hollister’s mean dimensions, where comparable with those of this study, 
agree fairly well with ours and suggest that his specimens were fully adult and 
probably of advanced age. Latimer and Riley (1934) give mean dimensions for 
about 124 skulls of O. ztbethica cinnamomina (Hollister) from Kansas. Their 
material was selected for maturity in a different way than ours (absence of epi- 
physeal lines in long bones) and the specimens were probably not as old. Mean 
skull length, alveolar length, and zygomatic width are significantly greater in our 
aged muskrats than in the Kansas material. Length of diastema and cranial 
width are nearly the same in the two groups; but interorbital width is less in the 
Louisiana muskrats, if the techniques of measurement were the same. It is inter- 
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esting that differences in mean skull dimensions between samples from different 
regions of Louisiana (see below) are often greater than between the means of the 
total group here reported and the means of the O. z. cinnamomina sample from 
Kansas. 

Sexual differences.—The writers have so far found no criterion by which the 
sex of an individual can be diagnosed from the skull. Hollister (1911) stated 


TABLE 2.—Body length and skull dimensions by sex, millimeters 


MALES FEMALES 


DIMENSION | DIFFERENCE AND ITS 

oe a STANDARD ERROR 

No. Mean | No. Mean 
Body length Mp 158 | 299.2 199 | 294.8 4.4 + 1.47 
Total skull length. . 158 66.33 199 | 64.82 1.51 + .26 
Condylo-alveolar length.... 158 39.21 199 | 38.27 9424 .17 
Alveolar length. 158 15.96 199 15.92 | 04+ .07 
Condylo-postalveolar length. . ..| 158 23.27 199 22.41 | .86+ .13 
Diastema length. . 158 22.88 | 199 22.24 642 .11 
Cranial (brain case) length | 158 | 27.94 | 199 | 27.37 .57 + .10 
Cranial wich. 158 | 22.47 199 22.09 38+ .06 
Zygomatiec width 155 41.43 193 40.44 | 99+ .18 
+ .08 


Occipital height. De eas 158 | 16.90 | 197 | 16.51 | .39 


TABLE 3.—Body length and skull dimensions, by regions, millimeters 








EASTERN LOUISIANA MIDWESTERN LOUISIANA | WESTERN LOUISIANA 
DIMENSION eee eee NE 
| No. Mean | No. | Mean No. } Mean 
Body length. | 89 | 283.5 + 1.3 | 46} 298.7 + 1.5 | 222} 302.7 + .76 
Total skull length......| 89 | 62.83 + .21 | 46 | 64.07 + .27 | 222) 66.85 + .13 
Condylo-alveolar length.| 89 | 37.20 + .14| 46| 37.80 + .18 | 222) 39.47 + .09 
Alveolar length 89} 15.60 + .07 | 46/ 15.71 + .15 | 222) 16.11 + .05 
Condylo-postalveolar 
length. 89; 21.60 + .12| 46| 22.12 + .14 | 222 23.39 + .07 
Diastema length. 89 | 21.65 + .10| 46| 21.89 + .12/ 222) 23.00 + .06 
Cranial (brain case) | 
length. .. ; 89 | 26.73 + .10| 46 | 27.20 + .15 | 222} 28.07 + .06 
Cranial width. | 89 | 21.57 + .07 | 46) 21.81 + .09 | 222) 22.63 + .05 
Zygomatic width. | 87) 30.41 + .17/ 43| 40.06 + .21/ 218) 41.63 + .10 
Interorbital width......| 89} 6.14 .05|46| 6.294 .07| 222, 6.35 + .04 
Occipital height. . 89 | 16.20 + + .11! + .05 


.07 | 46} 16.31 222} 16.95 


that no sex differences can be determined by measurements. Nevertheless, when 
sufficient numbers of skulls from animals of known sex are assembled, mean differ- 
ences in favor of males are found in every dimension except interorbital width, 
for which the two sexes were not compared. All the differences except alveolar 
length are statistically significant. Table 2 gives statistical constants for the two 
sexes separately. 

Regional differences——When the 357 specimens are grouped according to their 


ecient tiatiaiatiaaiete 











146 JOURNAL OF MAMMALOGY Vol. 29, No. 2 


geographical origin, from the eastern, middle western, and western parts of the 
Louisiana range, as described above, the averages by regions demonstrate an 
increase in absolute skull dimensions from east toward west, as shown in Table 
3. With the exception of alveolar length and interorbital width, the differences 
are significant, being from two to nine times their standard errors. The shape 
of the skull, however, does not appear to differ among the regional groups if one 
compares samples having the same absolute size. This was demonstrated by 
relating various mean dimensions to mean skull length. No evidence of genetic 
differences in the three regions of the range has appeared so far. The size differ- 
ences may be due to environmental causes. Conditions are not identical 
throughout the range. Variations exist in the degree of salinity of the marsh, in 
the relative abundance and kind of food, and in the number of predators such as 
mink and otter. Size differences are important, however, from an ecological 
standpoint and because they enter into considerations of taxonomic status. 


TaBLe 4.—Correlations between dimensions 











DIMENSIONS ne 
Skull length and body length... .82 
Skull length and condylo-alveolar length . .93 
Skull length and diastema length. . 85 
Skull length and alveolar length.......................000eeeeees | 53 
Skull length and condylo- postalveolar length. ibaaeslacs nile ea ce are alaeeene .89 
Skull length and cranial (brain case) length. ................... .72 
Skull length and zygomatic width. . .83 


Skull length and cranial width. .. SO rg tleetat | .67 
| 
| 


Skull length and interorbital width 13 
Skull length and occipital height. . .68 
Condylo-alveolar length and diastema # length is aralt ta .63 
Cranial width and vias ocmmendl Dale a etree dha de oe .66 





Skull proportions and absolute size-—The degree of constancy of skull pattern 
among the individuals of this total sample of old skulls may be indicated by coeffi- 
cients of correlation between pairs of skull dimensions. Table 4 gives the coeffi- 
cients of correlation between skull length and other skull dimensions, and between 
cranial width and zygomatic width. Most of these coefficients are high, indicat- 
ing homogeneity of the sample. Interorbital width, however, is very erratic and 
is not closely correlated with skull length or with any other skull dimension taken. 
The correlation of alveolar length with skull length is not very high, obviously, 
because the size of the molar teeth, and consequently the length of the tooth row, 
is determined at an early period and would not be much affected by variations 
in the postnatal development of the skull. The molars in young animals are 
long, fluted prisms, with the base of the crown (the last part formed) only a little 
thicker than the top. The fact that the correlation is as high as it is, .53, indi- 
cates that at the time the enamel organ is active there is a relation between its 
size and the size of the head. 
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The length of the skull is closely correlated with the length of the body, the 
coefficient being .82. 

Coefficients of correlation do not bring out the change in shape accompanying 
differences in absolute size of the skull in this advanced age group. We have 
therefore plotted against the classes of total skull length the means of other di- 
mensions for the individuals in those classes, expressed in terms of percentage of 
skull length, and will refer to the percentages as “relative” dimensions. The 
trends of mean relative dimensions with increasing skull length are shown in Fig- 
ure 2. 

Relative diastema length and relative condylo-alveolar length remain almost 
constant with increasing skull length; that is, the rostrum and the base of the skull 
posterior to it retain approximately the same relations to total skull length. Rela- 
tive alveolar length decreases, undoubtedly because of the early determination 
of the size of molar teeth. Since relative condylo-postalveolar length is the com- 
ponent of condylo-alveolar length left after subtracting alveolar length, it must 
rise as alveolar length falls, with increasing skull length. The relative brain case 
length, a dorsal dimension, falls off with increasing skull length as does the relative 
cranial width. The relative occipital height also declines somewhat. It is clear 
that the basal and facial part of the skull takes a greater part in the make-up of 
the large skulls than it does in the smaller ones. The relative zygomatic width 
and the relative interorbital width decline appreciably. Since all the relative 
width measurements and the relative occipital height fail to keep pace with skull 
length as it increases, it is obvious that the large skulls are somewhat narrower 
and lower, relatively, than the small ones. In the larger skulls, the dorsal contour 
is flatter, both antero-posteriorly and transversely, but this is a matter of obser- 
vation which has not been expressed in figures. It can also be stated, though not 
shown on the charts, that the relation of zygomatic width to cranial (post-zygo- 
matic) width remains constant up to a cranial width of about 22 millimeters, 
beyond which zygomatic width begins to increase more than cranial. 

It should be kept in mind that these measurements have been made on 
a selected sample of skulls representing animals in an advanced period of life. 
The meaning of the changes in skull proportions with increasing skull size in old 
animals will be clearer when a further study, dealing with the skulls of younger 
adult and adolescent animals, has been completed. 

Summary.—A craniometric study is made of 357 specimens of the Louisiana 
muskrat. From the condition of the teeth, these are judged to be long past matu- 
rity. It is concluded that: (1) There is a great deal of variation in absolute body 
and skull size of animals in the same age-range, so much as to indicate that fairly 
large collections of small mammals are desirable where mean dimensions are used 
for taxonomic purposes. (2) Small but significant mean size differences are 
found between males and females, though no diagnostic sex differences have been 
found in individual skulls. (3) A geographic cline of increasing body and skull 
size extends from the eastern toward the western part of the continuous range in 
the Louisiana marshes. No geographic difference in skull shape has been found 
except as related to skull size. (4) Skull proportions change with increasing total 
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skull length. Basal and facial length measurements increase consistently with 
skull length, but the brain case fails to maintain the same relative size, and the 
relative width of the face decreases slightly. 
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THE EARLY POSTNATAL DEVELOPMENT OF THE BRAIN 
OF THE OPOSSUM (DIDELPHIS VIRGINIANA) 


By W. Rimse 


As shown in a previous paper (Riese, 1945), after a gestation period of twelve 
and three-fourths days, the opossum is born without any cortical structure. 
Immediately after birth, it reaches by its own efforts the pouch of its mother 
where it remains for some fifty days (McCrady 1938). The following observa- 
tions on the early post-natal development of the brain of the opossum were made 
on five pouch-young animals, 16, 16 to 20, 22, 35, and 53 days old. With the 
exception of the second specimen, the material was given by Dr. Carl R. Moore 
(Department of Zoology, University of Chicago) to whom I wish to express my 
gratitude. The so-called cortical layer (His) or lamina granularis primaria (M. 
Rose), primordium of the mammalian cerebral cortex, was found in the sixteen 
day pouch-young opossum. In the human, this layer is not detectable before 
the third month of intra-uterine life, but it is still present in the bear (Ursus arcios 
L.) at the time of birth, after a gestation period of 208 days (Riese, 1942). 

In comparing the external features, behavior, and brain of a pouch-young opos- 
sum having an estimated age of sixteen to twenty days (body length, 30 mm.; 
head length, 15 mm.; and fresh weight, 2 grams) with the new-born opossum 
(stage 35 of McCrady, 1938, fig. 55), the neck has become much smaller, the upper 
extremities less prominent, and the hind limbs more differentiated. The entire 
body appears to be a much more articulated whole than at the time of birth and 
the anlagen of eyes and ears are conspicuous (Pl. I, Lower). In view of the brief 
interval between birth and this stage, the progress made in the differentiation of 
the external features must be considered as considerable. After removal from 
the nipple of its mother, the animal was very active. No definite righting reflex 
was present. The animal succeeded only occasionally, and only for a very short 
time, in righting itself or rather in turning over from its usual position of lying on 
one side. According to O. R. Langworthy (1928), the righting reflex appears in 
a fifty-four day old opossum. There were constant and alternate movements of 
the extended fore limbs; the toes were also in extension. The hind part of the 
trunk was flexed, adducted towards the upper trunk, and sometimes rotated 
(obviously in a vain effort to produce righting). There were also movements of 
the hind limbs, rarely alternate, but mostly synchronic inrhythm. Thehind limbs 
were extended and abducted. There were extensive movements of the head 
which was elevated, but the side to side movements so characteristic of the new- 
born could not be seen. There was no detectable reaction to pin prick applied 
to various parts of the body. In some respects, the behavior of this specimen was 
similar to that of 27 mm. pouch-young opossums observed by O. R. Langworthy 
(1928), in others not, but the estimated age of Langworthy’s animals remained 
doubtful. 

The structure of the hemispheric wall of this specimen was basically the same 
as that of the sixteen day old pouch-young opossum. Marginal layer, cortical 
layer, intermediate layer, and matrix could easily be distinguished. The cortical 

















May, 1948 RIESE—POSTNATAL DEVELOPMENT OF OPOSSUM 151 





PLATE I 


Upper: Structure of hemispheric wall of young opossum shown below. Hematoxylin, 


x 400. M.L., marginal layer; C. L., cortical layer; I. L., 
intermediate layer; M., matrix 
Lower: External features of pouch-young opossum, sixteen to twenty days 
estimated age 
layer was still unstratified (Pl. I, Upper). In the interval between these two 
stages, and while no basic change took place in the hemispheric wall, the pouch- 
young opossum brings its basal ganglia to their first development; a similar 
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“alternate growth of cerebral structures” was described by the writer in the 
human (Riese, 1938). No further progress in brain development was seen in the 
twenty-two day pouch-young opossum. In the thirty-five day pouch-young 
opossum, signs of cortical lamination could be seen, i.e., a denser superficial and 
a more loose deep layer, the cells being more mature in the deep layer. According 
to O. R. Langworthy (1928), there was almost no myelinization as yet of fibers 
in the spinal cord of a thirty-six day opossum. The animal was “active, display- 
ing a considerable amount of reflex activity.’”’ This stage corresponds to a three 
to four month human embryo. In the fifty-three day specimen, the basic tecto- 
genetic cyloarchitectural type of the mammalian cerebral cortex was obvious, and 
even regional variations of the six layer type were found, pyramidization (area 4 
of Brodmann) and granulization (area 17) making their first appearances. This 
stage of cortical development corresponds to that of a six to eight month human 
embryo. In none of these early postnatal stages did the cortex contain neuro- 
fibrils. The highest level at which neurofibrils could be brought out was the 
intermediate layer (primordium of the white substance) of the hemisphere, and 
the earliest stage revealing neurofibrils at this level was thirty-five days. There 
were no neurofibrils in the central nervous system of the sixteen day pouch-young 
opossum; the highest level showing neurofibrils in the twenty-two day specimen 
was the midbrain. The structure of the individual cell, studied by using the 
criteria of cell maturation as adopted by Riese and Smyth (1940), was still unfin- 
ished in the cortex of the fifty-three day opossum. The highest level at which 
relatively mature nerve cells could be seen in this specimen was the midbrain. 
Conclusion.—The rapidity of growth, so obvious in the pre-natal development 
of the brain of the opossum, continues after birth. If the cerebral cortex con- 
tributes to nervous function in the pouch-young opossum, it can only rely on 
immature nerve cells and it has no neurofibrils as conveying mechanisms. The 
law, announced previously (Riese, 1944), that the developmental stage reached 
by the mammalian brain at a given moment of intra-uterine life or at birth is not 
proportionate to the gestation period holds true for the prenatal as well as the post- 
natal development of the brain of the opossum. The youngest pouch-young 
opossum whose motor cortex was stimulated by O. R. Langworthy (1927) was 
twenty-three days old. On electrical stimulation of three areas along the sagittal 
fissure, movements of the contralateral foreleg were obtained, the predominating 
factor being an extensor thrust of the whole leg with outspreading of the toes. 
Exploration of the rest of the cerebral cortex, with stronger currents, failed to 
elicit any movements of either the facial-masticatory musculature or of the hind 
legs. The criterion according to which the author considered the region stimu- 
lated as the motor area was the depth of the molecular layer. The picture given 
by the author represents a still unstratified cortical layer similar to that of our 
twenty-two day pouch-young opossum. As the author states himself ‘ 
granular and infragranular pyramidal layers cannot be clearly differentiated in 
this section.” He concluded: “The cortex at this time appears very immature 
so that it is difficult to correlate the histological picture with the clear-cut 
responses obtained from electrical stimulation.” I found no regional variations 
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in the cortical layer of a twenty-two day pouch-young opossum. On the ground 
of this negative statement, the experimental evidence of foreleg movement in a 
twenty-three day pouch-young opossum gains extraordinary importance. It 
shows that parts of the body can be thrown into action selectively, regardless of 
a still universal immaturity of the cortical structure. The conclusion must be 
drawn that the criteria according to which electrically induced motor functions 
first appear in the cortex are physiological rather than anatomical ones, move- 
ments of the forelegs probably being the most important ones at this develop- 
mental stage of the animal; thus the first ones to be elicited by stimulation. Al- 
though a negative effect of decerebration proves only that the animal can 
renounce the higher levels in case of emergency, not that the activity of the cen- 
tral nervous system is an exclusively spinai one in the intact animal, it 
still remains interesting to know the effects of decerebration in young opossums. 
No data are available as to decerebration effects in new-born opossums. The 
first suggestion of a response to decerebration appeared in animals having a nose- 
rump length of 49 mm. (Langworthy, 1928). Strong extension of the forelegs 
occurred in a young opossum fifty-four days old and 77 mm. long. At this stage 
the forebrain is still immature, particularly as to the structure of the nerve cells 
(according to O. R. Langworthy the vestibular connections and the mesencephalic 
part of the rubrospinal tract are already myelinated). Increased activity and 
prolonged progressive movements were evident after decerebration of an opossum 
having 82 mm. nose-rump length and fifty-six days of age. After decerebration 
of a 151 mm., 76 day opossum, the extensor tone became so increased that pro- 
gressive movements were inhibited and the reflex activity of the animal was 
decreased. 

General significance-—To realize the full significance of the behavior of the 
pouch-young opossum and of the central structures related to this behavior, we 
must keep in mind that the pouch-young opossum cannot be looked upon as an 
ordinary mammalian embryo since in the latter no spontaneous and purposeful 
activity occurs which later subsides. Nor is the pouch-young opossum simply 
& mammal at an early postnatal stage since the mammalian infant shows almost 
constant motion, purposeful or not, while the pouch-young opossum becomes so 
securely attached to its mother’s mammary nipple that it cannot detach itself 
for some fifty days (McCrady, 1938). Thus, after a brief episode of spontaneous 
and purposeful motor activity, by means of which the new-born opossum reaches 
the pouch by its own efforts, it re-enters a new and long period of inactivity. It 
continues however to grow and to differentiate its nervous structures. By its 
passing from intra-uterine to extra-uterine life, an embryo passes not only from 
dependent to independent existence, but it has from now on to rely on stimula- 
tions coming from its new environment as an indispensable condition for further 
growth and development. As a rule the central nervous system of the mamma- 
lian infant seems well equipped to receive those stimulations and to react to them 
in an appropriate manner. This activity was previously believed to be a growth 
facilitating factor. However, there are experimental evidences that growth may 
go on in an immature mammalian nervous system submitted to long enduring 
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inactivity (Tower, 1937). The functional and structural behavior of the 
pouch-young opossum can be considered as a natural experiment showing that 
the arrest of a previously displayed spontaneous and purposeful activity does not 
stop growth and further differentiation of nervous structures In this species, 
stimulations from outside are certainly reduced in number and most uniform in 
character; they are not major factors in postnatal development and growth; the 
intrinsic factors obviously being by far dominant. G. E. Coghill (1929), though 
admitting surrounding conditions as growth determining factors, held that growth 
as such must be regarded as the expression of an intrinsic potentiality of the cell 
and that nervous function or exercise cannot be either directly or indirectly the 
cause of growth and differentiation of the nerve cell. After cutting all posterior 
roots in the lumbo-sacral region, and transecting the cord above and below in 
puppies, Tower (1937) saw all ordinary activites, including muscle tone, abol- 
ished; the cord continued to grow. She referred to the earlier work of R. G. 
Harrison (1904) who eliminated the effect of functional stimuli (on growing frog 
larvae) by operative and chemical procedures. In spite of the removal of the 
medullary tube, the grouping of the fibers into individual muscles took place, the 
hind legs developed fully as regards outward form (they had however an atrophic 
appearance and no voluntary movements were ever observed, nor could any 
response to mechanical or electrical stimulation be obtained). The quick acqui- 
sition of the power to carry out the movements of swimming and respiration (after 
removal of the drug) showed that the mechanisms in question developed in per- 
fect order without the influence of normal function. Harrison referred to 
Schaper’s experimental proof that the brain as a nerve center exerts no general 
formative influence upon the development of the organism as a whole. 


LITERATURE CITED 


Cocuitt, G. E. 1929. Anatomy and the problem of behaviour. Cambridge. The Uni- 
versity Press. 1-113, illus., diagrs. 

Harrison, R.G. 1904. Anexperimental study of the relation of the nervous system to the 
developing musculature in the embryo of the frog. Amer. Jour. Anat., 3: 197- 
220, fig. 18. 

Lanowortny,O.R. 1927. Correlated physiological and morphological studies of the de- 

velopment of electrically responsive areas in the cerebral cortex of the opossum. 

Contr. to Embryology, no. 103, Carnegie Inst., Washington, 19: 149-74, 3 figs., 2 

pls. 
1928. The behaviour of pouch-young opossums correlated with the myeliniza- 
tion of tracts in the nervous system. Jour. Comp. Neur., 46: 201-40, 10 figs. 
McCrapy, E., Jr. 1938. The embryology of the opossum. Philadelphia. The Wistar 
Inst. of Anat. and Biol.: 1-226, 66 figs., 3 pls. 

Riese, W. 1938. Contributions a l’etude des lois de 1 evolution du cerveau humain. Ar- 
chives suisses de neurologie et de psychiatrie, 42: 187-98, 8 figs. 

——— 1942. Structure and function of the brain of the new-born bear (Ursus arctos L.). 
Revue Canadienne de Biologie, 1: 157-70, 2 figs. 

————— 1944. Structure and function of the mammalian cerebral cortex at the time of 
birth. Va. Med. Month., 71: 134-39, 5 figs. 

———— 1945. Structure and function of the brain of the opossum (Didelphis virginiana) 
at the time of birth. Jour. Mamm., 26: 148-53, 1 pl. 














May, 1948 PRESNALL—ECOLOGY OF PREDATION 155 


Riese, W., anDG. E.Smyru. 1940. The cytology of the cortex in the opossum (didelphis 
virginiana) considered in relation to some general problems of cortical evolution. 
Proc. Konink, Nederland. Akad. van Wetenschappen, 43: 403-9. 

Tower, S. 1937. Function and structure in the chronically isolated lumbo-sacral spinal 
cord of the dog. Jour. Comp. Neur., 67: 109-31, 2 pls. 


Medical College of Virginia, Richmond, Va. Received September 24, 1947. 


APPLIED ECOLOGY OF PREDATION ON LIVESTOCK RANGES 
By Cuirrorp C. PRESNALL 


Zoological research, aside from the works of Sperry (1941), Young (1946), and 
Young and Goldman (1944, 1946) is notably deficient in studies of predation 
upon domestic species. The subject too often has been dismissed with the casual 
assumption that a domestic prey species is an extraneous factor that interferes 
with accurate appraisal of so-called natural predation. Such a viewpoint is akin 
to the attitude that man is an unnatural element in mammalian ecology. 

Civilized man and the species domesticated by him are responsible for pro- 
found and rapid adjustments in ecological patterns that presumably had been 
comparatively stable prior to the relatively recent dominance of mankind over 
wilderness conditions. The active conflicts of these adjustments are most evi- 
dent in those parts of the world that might be termed ecological frontiers, such 
as the African veldt, or the grazing lands of western North America, where great 
numbers of domestic animals and large predators range together with relatively 
slight restraint on either group. 

According to latest statistics (U.S.D.A. 1936, 1945), it is estimated that 
approximately 19,300,000 animal units of domestic livestock are now annually 
supported on about 728 million acres of uncultivated grass, brush, desert, and 
forest collectively known as the western range of the United States (based on 
forage consumption, five sheep or goats are considered equivalent to one cow or 
horse). On the basis of estimates by Jackson (1944), it is computed that these 
lands also provide forage for approximately 900,000 animal units of species herein 
designated as “big game’’—deer, elk, moose, antelope, big-horn sheep, mountain 
goats, and javelina. Accurate population estimates are not now obtainable for 
the large predatory species capable of preying upon livestock and big game, but 
their relative abundance may be indicated. Wolves and lynx are now so rare in 
the range country that they may be omitted from this discussion. Bobcats, 
although locally common, may also be omitted because of their relative ineffi- 
ciency as predators upon grazing animals, other than the lambs of domestic sheep. 
Bears, exclusive of the rare grizzlies, are locally common, but can scarcely be 
classed as predators upon grazing animals except under certain circumstances. 
During poor mast years many bears tend to prey on livestock and big game; simi- 
lar tendencies are observed where heavy populations of bears and potential prey 
species exist on the same range; and individual bears at times appear to acquire 
a habit of feeding to a considerable extent on big game or livestock. 
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Cougars are now uncommon or rare, but are capable predators upon all the 
grazing species under certain conditions, hence, are an important factor wherever 
present. They now live chiefly in rough and heavily timbered areas where their 
elusive habits add greatly to the difficulty of accurately estimating their numbers. 
Forest Service estimates have placed the total western population of cougars at 
from 5,000 to 6,000, with no pronounced fluctuations during the past twenty 
years. This estimate belies their importance in the ecology of the western range. 
An individual cougar may cover a distance of over twenty-five miles in a single 
night’s hunting, and may eat the equivalent of one deer per week (Young and 
Goldman, 1946). Adult cougars with little exercise, fed by the writer while in 
captivity, consumed about ten pounds of fresh meat daily. Although cougars 
are notorious killers of all kinds of livestock, their principal food is deer (Young 
and Goldman, 1946). Their heavy predation upon deer tends to reduce violent 
fluctuations in deer populations (Leopold, 1943; Rasmussen, 1941), and scarcity 
of deer increases their predation upon livestock (Hamilton, 1941). 

Coyotes are by far the most numerous of the large predators, but population 
data are inadequate for making more than a rough guess as to total numbers in 
the range country. Maximum densities are surprisingly high under favorable 
conditions. On cattle range in the San Carlos Indian Reservation, Arizona, 
where little hunting or trapping had been practiced for several years, there was 
an estimated population of forty-nine per township (Presnall and Rush, 1941). 
Subsequent heavy trapping indicated that this estimate was conservative. 
Under somewhat similar conditions on the Sitgreaves National Forest, Arizona, 
a population of eighteen coyotes per township was estimated (Mercer, 1947). In 
contrast, there are a few sizeable range areas in which coyotes are very rare or 
absent. The largest of these is in south-central Texas, where an area of 30,000 
square miles has been kept practically free of coyotes since 1932. In half of this 
area reasonably complete control has been in effect for twenty or more years 
(Landon, 1947). A clue to the total number of coyotes in the western range 
states is furnished by the annual take. In 1946, the recorded take by Federal 
and State hunters and by bounty hunters totalled 294,400. It is likely that there 
was little additional take by fur trappers who did not collect bounty; fur prices 
have been very low since 1943. An analysis of annual takes by the Fish and 
Wildlife Service during the past fifteen years, as shown in Table 1, leads to the 
inference that the total annual take did not equal the annual increase until re- 
cently, perhaps about 1942 or even later. 

In addition to their outstanding ability to withstand heavy predation (hunting 
pressure) by man, coyotes possess very versatile food habits and an amazing capa- 
bility as predators upon several grazing species. Horses and moose, except the 
very young or decrepit, seldom if ever fall prey to coyotes. Successful attacks on 
elk and cattle are limited to young calves or extremely feeble adults, but even here 
coyotes have demonstrated their versatility by gradually increasing their attacks 
during the years since wolves became rare. One of the earliest references to kill- 
ing of domestic calves by coyotes is found in an unpublished report made in 1932 
by C. R. Landon, then stationed with the Biological Survey in Texas. At that 
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time such predation was considered to be exceptional, but succeeding years have 
brought increasing numbers of similar reports. During the past year, 376 well 
authenticated cases of coyote predation on calves were reported to the Fish and 
Wildlife Service. Coyote predation upon grazing animals is directed chiefly 
against sheep, with goats, antelope, and deer next in importance. Sperry (1941) 
found that domestic livestock, chiefly sheep and goats, made up about one- 
seventh (13.59 per cent) of the food of coyotes; rabbits, 33.25 per cent; 
and rodents, 17.25 per cent. 

The importance of rabbits and rodents in the diet of coyotes has suggested the 
possibility of a correlation between population cycles of coyotes and their smaller 
prey species, similar to predator-prey cycles known to occur in Arctic and sub- 
Arctic regions. There is widespread belief that coyotes prevent an over abun- 
dance of rodents. The writer has been unable to find any foundation for this 
belief. Studies of the Buena Vista mouse plague in California (Piper, 1928) show 


TABLE 1.—Annual take of coyotes by hunters supervised by the Fish and Wildlife Service 

















YEAR COYOTES YEAR COYOTES } YEAR COYOTES 

“ _ — | : - — — 
1916 | 12,018 | = 1927 | 37,880 | 1937 | 80,299 
1917 22,417 | 1928 35, 709 | 1938 | 84.844 
1918 26,145 1929 40 , 254 | 1939 93 ,093 
1919 | 27,213 1930 | 39, 492 | 1940 104,072 
1920 21,558 1931 | 45,016 | 1941 110,495 
1921 24, 265 1932 52,254 | 1942 111,076 
1922 27, 186 1933 54,942 | 1943 103,981 
1923 } 25,621 1934 | 50,929 | 1944 108 ,050 
1924 34,092 1935 59, 289 | 1945 102,979 
1925 | 37 , 255 1936 64, 566 | 1946 108 ,311 
1926 } 35,619 





that the rapid rise and fall of mouse numbers was due to factors of environment, 
disease, and intraspecific strife that were so strong as to obscure any fluctuations 
attributable to the abundance of coyotes and other predators before and during 
the plague. Similarly, recent studies in central California (Fitch, 1947) show no 
correlation between population trends of coyotes and their common prey species, 
cottontails (Sylvilagus audubonit), ground squirrels (Citellus beecheyt), pocket 
gophers (Thomomys botiae), kangaroo rats (Dipodomys heermanni), and woodrats 
(Neotoma fuscipes). Early stages of this study were reported by Horn (1941). 
Citation of other similar observations is unnecessary since Errington (1946) has 
already assembled and discussed a large volume of corroborative evidence. 
The amount of predation upon livestock and game is difficult to estimate. 
Sheep raisers have often used the rule-of-thumb calculation that predators, unless 
vigorously controlled, destroy about $1.00 worth of lamb and mutton per ewe per 
year. If ewes are worth $8.00 each, this rule roughly expresses the 10 to 15 per 
cent annual loss that is widely recognized for sheep ranging in areas where pred- 
ators are not effectively controlled. Predation upon goats is slightly lighter, 
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due to their greater agility and combativeness. Predation on swine is locally 
severe at times, but is unimportant in the aggregate, as comparatively few swine 
run at large on range land. Cattle suffer light predation, perhaps between 1 per 
cent and 1.5 per cent on the average, now that wolves are practically absent and 
cougars and bears are localized. Horses, as a group, experience almost no preda- 
tion, although local and sporadic attacks by cougars and occasionally bear may 
be severe. On the basis of these estimates, and allowing for sizeable range areas 
where effective predator control reduces livestock losses, it seems conservative 
to say that the annual loss by predation on all western range livestock is between 
1.5 per cent and 2 per cent of the annual increase. Gross revenues from western 
range livestock in 1944 have been computed from latest available statistics 
(U.S.D.A., 1945) at approximately one and a quarter billion dollars, hence, the 
likely loss from predation in that year may be represented by an order of 
magnitude of twenty million dollars. 

Since thi: discussion deals chiefly with livestock, no attempt is made to review 
the considerable amount of literature on predation in relation to big game. It 
should be apparent to anyone studying the problem, however, that total preda- 
tion upon big game is unknown, even in terms of the rough approximation given 
for livestock. It is impractical or perhaps even impossible to observe wild game 
closely enough to determine all causes of death, particularly among the very 
young; and studies of game kept under close surveillance on fenced preserves are 
not typical of conditions in the wild. 

The interwoven roles of predators, big game, rodents, and livestock are con- 
ditioned by man’s maintenance of livestock at a fairly constant, high population 
level. Hence fluctuating numbers of big game and rodents cause an inverse ratio 
of predation upon livestock. This statement is based upon observations of many 
Fish and Wildlife Service hunters rather than upon statistics, which are not avail- 
able. The relationship has been most readily apparent as regards rabbits, includ- 
ing hares. During years of high rabbit population, the reports of predation on 
livestock are consistently though not outstandingly fewer than when rabbits are 
searce. It is often apparent that throughout North America there is a close rela- 
tion between rabbits and predators, which results in fluctuating predator popula- 
tions in northern Canada and slightly fluctuating predator pressure upon 
livestock in the western range area. Marked fluctuations in predator populations 
would not be expected and are not observed in the presence of an abundant sup- 
ply of livestock. It may be that where game is somewhat scarce an abundance 
of domestic animals would tend to diminish predator pressure upon their less 
vulnerable wild cousins, although I do not recall any studies along this line. The 
high vulnerability of livestock would certainly have caused marked increases in 
large predators during the past century, except for man’s heavy predation upon 
them. There is some evidence that one predator, the coyote, has actually in- 
creased in numbers despite man’s vaunted superiority. Certainly there has been 
a considerable extension of coyote range eastward, and northward through Can- 
ada into Alaska (Seton, 1929; Sarber, 1944). 

Some aspects of man’s heavy predation upon the larger four-footed predators 
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have been sufficiently aberrant to justify doubt as to whether Homo is actually 
sapiens. For many years a great deal of effort and money has been expended to 
control predators on the western range, yet there has been no pronounced change 
in the basic ecological pattern. About eighty years ago, when livestock first 
began to supplant the great game herds of the western plains, it was found that 
the change could be profitably made only if accompanied by a reduction of pred- 
ators. Today, with livestock utilization of forage exceeding that of game twenty 
to one on the western range, predators continue to jeopardize the practicality of 
this game-livestock shift unless well controlled. Predator control, excepting in 
the Texas coyote-free area, has been a “hold-the-line” proposition in which an 


TaBLE 2.—Money paid for predator control, 1946 
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STATE BOUNTIES TOTAL COSTS 
Federal Funds | ont, Seunty, | 

eo — } 
NE os ka | $31,980 $38,553 | $70, 533 
NE oes ogee esi 46,839 313,934 $37,970 | 398, 743 
WIN, a wicca.o so cobxecesa 43,891 96,889 | 2,576 | 143,356 
RE uel es vad, | 42,189 | 83,479 | 27,026 | 152,694 
NE 5. yar p in AA GER 45, 500 45, 500 
Sy ree 43 ,026 98,036 | 34,073 175,135 
IR i a diuive. @ » ka oan ms 10,695 | 8,015 | 11,366 30,076 
| Se 44,639 | 45,767 | 1,675 92,081 
New Mexico.............| 42,390 81,270 | 1,870 125,530 
North Dakota....... 15,385 | 18,194 | 115,348 148, 927 
Oklahoma.............. | 19,970 | 22,253 | 61,000 103, 223 
RS edad es rakes | 49,601 95,881 | 46,194 191,676 
South Dakota...........| 2,100 | 1,282 | 244,047 247,429 
Texas........<c.::...-<.| 87,000 | 259,325 | 27,021 344,236 
BU Racsvuvevsisteecte 9,160 | 36, 423 | 137,875 183,458 
Washington............. 20,863 | 41,591 | 56, 509 118,963 
Wyoming................ | 45,200 | 98,117 | 143,317 
naan one | $525,818 | $1,339,009 | $850,050 | $2,714,877 





impartial observer might conclude that mankind chose to spend nearly three mil- 
lion dollars annually (Table 2) to insure the doubtful privilege of having a sus- 
tained yield of coyote fur worth considerably less than a million dollars at current 
prices, and a sustained yield of livestock from which predators ate only about 
twenty million dollars worth annually. 

The broad outlines of this blundering experiment, which has demonstrated the 
futility’ of trying to maintain sustained yields of coyotes, livestock, and big game 
on the same area, may be sketched as follows: Wolves, the most effective of west- 
ern range predators, were the primary target of early-day control programs. 
During the first quarter of the present century they were reduced to extreme rar- 
ity (Young, 1946). Grizziy bears soon met a similar fate, and cougar populations 
were reduced drastically. But as the larger predators disappeared coyotes be- 
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came more numerous and bold (Ligon, 1927). They in turn became the primary 
target of control programs, and have held that position for the past thirty years. 
Records indicate that the annual take of coyotes during the first twenty-six years 
of that period probably has not exceeded the reproductive capacity of the species. 
In fact, it is entirely possible that the regular removal of the annual coyote crop 
has stimulated an increase in reproduction and extension of territory. Such an 
effect is especially apparent as regards coyote control by bounty hunters or fur 
trappers, partly because both groups are interested in perpetuating their means 
of livelihood and also find it unprofitable to hunt an area to the point where it no 
longer produces a sustained yield of coyotes (Hall, 1946). 

If it should be decided to terminate the conflict on the ecological frontier of the 
western range, now being won by predators at a cost of some $22,000,000 per 
year, it probably can be done. The probability is based upon results that 
attended a limited use of several new control methods during the past year and 
upon what has been done in the coyote-free area in Texas during the past twenty 
years. 

The advisability of such action is properly debatable. Three elements of the 
question are germane to the present discussion, namely, the relations of coyote 
elimination to livestock, to rodents, and to game. The first has been adequately 
covered in previous paragraphs; concerning the two other factors, two additional 
thoughts are presented, not by way of conclusion, but rather to stimulate further 
thought on a subject of vital importance. 

In the coyote-free area of central Texas, the population of gray foxes is notice- 
ably more dense than where coyotes are present (Taylor, 1947). Thus, predation 
on rodents has continued with but slight modification, despite elimination of pre- 
dation on livestock and game. Itseems doubtful that foxes will follow the coyote- 
wolf pattern of predator succession against grazing animals, although a few 
isolated instances of small predators’ success against deer are known (Errington, 
1946). Hence, even though predation may have slight relation to rodent popula- 
tions, it is reassuring to know that this and other rodent-predator relationships are 
not necessarily disrupted by elimination of predation on ungulates. 

Among grazing animals, it is desirable that predation upon domestic species 
be eliminated, but there are many places where a certain amount of predation 
upon big game is desirable from a game management standpoint. This is espe- 
cially applicable to game ranges not visited by enough hunters to prevent harmful 
irruptions of deer or other species. Such situations would benefit from a moder- 
ate population of cougars and other large predators. Wildlife administrators 
recognize this, but can seldom practice it because of the presence of livestock. 

There are many places where the incompatability between livestock and game 
is becoming so apparent that serious thought is being given to abandonment of 
the multiple use theory on lands clearly suited to specialized use. The anomaly 
of a sustained yield of both coyotes and livestock on identical range also should 
be apparent. A segregation of livestock and game areas would be especially 
desirable if a general policy of eliminating predation on livestock were adopted. 
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Predation could properly and profitably be eliminated on good quality livestock 

ranges and on game ranges subject to consistently heavy hunting pressure. Live- 

stock could be logically excluded from the rougher, more heavily timbered and 

inaccessible areas subject to moderate or light hunting pressure and possessing 

high recreational, scenic, or aesthetic values. There are some rather serious 

obstacles to a universal practical application of this suggested segregation of land 

use. It is presented as an objective toward which land managers can aim in 

endeavoring to end an era of blundering and expensive experiments and begin 

an era of applied ecology on the western range. 
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GESTATION PERIOD IN THE PORCUPINE, ERETHIZON 
DORSATUM DORSATUM 


By Apert R. SHADLE 


Until recent years, the literature contained no exact information on the length 
of the gestation period in the Canadian porcupine, Erethizon dorsatum dorsatum. 
Various periods were suggested, but no actual dates of copulations and resultant 
births were known. 

Seton (1909: 610), speaking of young porcupines, said that they “are of 
remarkable size, a guarantee of a long gestation.” Struthers (1928) had evidence 
which at that time seemed to indicate beyond question a gestation period of six- 
teen weeks. Taylor (1935), from a study of the yellow-haired porcupine, be- 
lieved that the gestation period would probably be between six months and seven 
and one-half months. Bailey (1936) said, “The mating season is said to be in 
September or October . . ., and the period of gestation about 9 months, but more 
careful field observations are necessary to verify the dates.” Asdell (1946) 
quotes the figures given by Struthers for Z. d. dorsatum and in the light of those 
figures questions the nine months in Bailey’s figures. Shadle and Ploss (1945), 
commenting on a comparison of the condition of the spines at birth and on the 
July birth of one of their animals, stated that ‘The gestation period (of the porcu- 
pine) may be considerably more than 16 weeks.” 

From the dates of the births of our first three porcupines (copulation dates 
unknown), and the mating time of the first two porcupines which were observed 
in copulation in the laboratory, we felt sure that the gestation period of sixteen 
weeks was open to question and that the time must be considerably more than 
that, probably between six and seven months. In September, 1926, Struthers 
captured a female Canadian porcupine which he placed in his colony at Syracuse 
University. A male was placed with her on January 1, 1927, and nineteen days 
later, on January 20, copulation occurred. One hundred thirteen days after 
this copulation, on May 13, 1927, the female bore one young. The details of this 
mating were published by Struthers (1928) and there seemed no question that the 
gestation period was correct. Data gathered in our laboratory now suggest that 
there may be a different interpretation of these facts. 

For several years a colony of eight to fourteen porcupines has been maintained 
in our Vivarium at Buffalo, New York. Among the problems studied have been 
the breeding and early phases of their life history. From 1940 to the present 
date, one female, “Maudie,” has bred five times (1940, ’42, ’43, ’44, ’45) and pro- 
duced three young (1941, ’43, 44). The dates of the first three matings were 
unknown, and the last two matings, which were observed, produced no offspring. 
It is believed that this female has passed the age for fruitful mating because she 
was full grown when captured and has been in the Vivarium for the past nine 
years. These three young porcupines are believed to be the first that have been 
bred and born in a laboratory. 

In 1944, Novermber 18 and 26, respectively, “Maudie” (age unknown) and 
“Nightie” (thirty-one months old) were bred to the same male, “Old Dad,” and 
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had no further contact with males (Shadle 1946). Of these two matings, 
as stated above, ‘Maudie’ failed to produce an offspring, but on June 23, 1945, 
“Nightie” gave birth to a female, “Cuddles,” weighing 504 grams. This first 
pregnancy of “Nightie” was a gestation period of 209 days. 

This parturition appeared normal and the afterbirth was shed normally. Al- 
though the mother appeared to be perfectly healthy, she was found dead ten days 
later and the rearing of the young was done by hand. The success achieved in 
rearing this animal is borne out by her weight of eight pounds and four ounces at 
four months of age, and seventeen pounds at nine months. Such a size is not 
usually attained in the wild until they are probably three to four or more years 
of age. 

From an unobserved laboratory breeding of ““Maudie” and “Old Dad” in the 
fall of 1942, a female, “Prickles,” was born on May 18, 1943. On November 4, 
1946, at the age of three years and seven months, this female mated for the first 
time to “Johnie” (age five years and seven months) who was taken by Caesarian 
section by Donald Spencer (United States Fish and Wildlife Service) April, 1941, 
in northern New York. From this breeding of “Prickles” and “Johnie,” a male 
weighing 413.9 grams was born on June 10, 1947, at the end of a 217-day gestation 
period, for a first pregnancy. The 217-day gestation period of “Prickles” closely 
approximates that of ““Nightie” (209 days) and these two figures suggest that the 
figure of 113 days may not represent the complete duration of the gestation in the 
ease of Struthers’ animal. 

Discussion.—It is well known that animals occasionally breed during a period 
of pregnancy. One of our female rabbits was observed to breed fourteen days 
after she had previously bred. At the end of the normal gestation period, 
counted from the first breeding, she kindled, thus demonstrating that she was 
pregnant at the time of her second breeding. This occurred several times later. 
During one pregnancy she was given an opportunity to mate on eight different 
days. She bred again each of the eight days during that pregnancy and kindled 
on the normal parturition day counted from the first breeding. This evidence 
from rodents has also been corroborated in domestic animals, showing that copu- 
lation during pregnancy is not uncommon. 

It appears quite possible, as well as probable, that Struthers’ female, taken in 
late September, may have come in heat early and bred before she was picked up 
in the wild. If true, she was already pregnant when he saw the pair copulate on 
January 20. If she bred first late in September, and her parturition date was 
May 13, that would give a gestation period of approximately seven and one-half 
months. Taylor (op. cit.) also came to this same conclusion, that the gestation 
period might be that long. The seven and one-half month gestation figure would 
be only a few days longer than the two gestations cited in this paper, and such an 
explanation would also account for the great discrepancy between Struthers’ 
figure of 113 days and our 209 and 217 days. The 113 days then seem to be not 
a gestation period, but simply an interval of time from a copulation during a preg- 
nancy to the end of the pregnancy and the date of parturition. 

Figuring from the general fall mating time of the western porcupines, Erethizon 
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dorsatum epixanthum (Anderson and Rand, 1943), to the time when the young 
were usually born in the spring, and from evidences collected throughout the year, 
Taylor (op. cit.) said that they “‘show quite definitely a gestation period approxi- 
mately seven months long.” This estimate was probably based largely upon the 
evidence from the yellow-haired porcupine. 

While it is highly desirable to obtain many more gestation figures on the North 
American porcupines, it seems reasonable, from the two figures available, that 
seven months approximates it very closely in the Canadian porcupine (Z. d. dor- 
satum). When actual figures are available for the yellow-haired porcupine (E. d. 
epixanthum), they may correspond closely to those of the Canadian porcupine. 

Summary.—Two young female Canadian porcupines were bred in November in 
the Animal Laboratory at the University of Buffalo and each had no further con- 
tact with males. In each animal it was a first pregnancy. These appear to be 
the first Canadian porcupines in which breeding, pregnancy, and births occurred 
under observation in the laboratory. Gestation was 209 days in one and 217 
days in the other. These are the first actual figures where copulation dates and 
dates of birth are known. The gestation of 113 days (Struthers 1928) seems not 
to be a true gestation period, but simply the last 113 days of a gestation of an ani- 
mal which bred again during pregnancy, and dropped her young at the end of the 
normal period counted from the first mating. Seven months appears to approxi- 
mate closely the gestation period of Canadian porcupines. 
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THE LAND MAMMALS OF NEW BRUNSWICK! 
By R. F. Morris 


Several catalogues of New Brunswick land mammals have been published in 
the past. The earliest to come to the attention of the writer was published in 
1847 by Gesner. A second, by Adams, appeared in 1873. Both of these early 
papers contain much interesting information on the distribution and abundance 
of New Brunswick mammals in the last century. Descriptions of several species 
are also included by Adams. A catalogue of New Brunswick mammals was pub- 
lished by Chamberlain in 1884. In 1893 and 1894, J. A. Allen, aided by Mr. 
John Rowley, made two collecting expeditions to Trousers Lake and vicinity on 
the Tobique River. Allen’s notes (1894a, 1894b) on these collections include 
several species of the smaller mammals which were missed by earlier observers. 
In 1896, Cox made some additions to Chamberlain’s catalogue. Copeland and 
Church published a list of the mammals of Grand Manan Island, including those 
in the collection of Mr. John Moses, in 1906. All of these catalogues appeared 
in the last century and none of them is complete. Since the nomenclature for 
North American species of mammals has been extensively revised and since con- 
siderable changes in the distribution and relative abundance of several species 
have occurred in New Brunswick, a new list embracing the results of more recent 
observations and investigations may be of interest. 

New Brunswick, with the Gaspe Peninsula on the north, the Nova Scotian 
Peninsula on the south, and the main continental area on the west, is in a peculiar 
geographic position. Forms of mammals described for the Gaspe are liable to 
extend into northwestern New Brunswick, which is quite similar in topography 
and forest conditions. Similarly, Nova Scotian forms may extend into south- 
eastern New Brunswick, while in the west and central parts the main continental 
forms may occur. Thus it is possible that three subspecies of some of the more 
variable species, such as the red-backed vole, may be found in as small a political 
area as New Brunswick. It is apparent then that quite extensive collecting 
would be necessary in order to ascertain what forms occur and to delineate ac- 
curately their ranges. Such collecting has not yet been carried out in many 
parts of the Province. Accordingly, the present list is incomplete in this re- 
spect. It is hoped, however, that it may be of use in indicating where the great- 
est gaps occur in our present knowledge, and serve as a basis for future corrections 
and additions. 

Several species, which have not been recorded in recent years and for which 
the records were apparently not substantiated by museum specimens, were in- 
cluded in some of the earlier lists. Other species have been taken near the bor- 
ders of New Brunswick and may be expected to occur within the Province. In 
both such cases the writer has included the species in question, for the informa- 
tion of the collector, but has marked them with an asterisk. They should not 


1 Contribution No. 2412, Division of Entomology, Science Service, Department of Agri- 
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be considered as a true part of the list because their occurrence in the Province is 
not definitely established. 

In compiling the present list of species, many sources of information have been 
freely consulted. Lists prepared recently for adjacent provinces often make 
reference to forms extending into New Brunswick. Particularly useful in this 
regard is the list of Quebec mammals recently published by Anderson (1940); the 
lists of Nova Scotian mammals by Rand (1933) and Smith (1940); and the lists 
of Gaspe mammals by Goodwin (1924, 1929). Other papers dealing with Cana- 
dian species have been issued periodically by mammalogists of the National 
Museum of Canada. Advantage has also been taken of the collections made in 
New Brunswick for the National Museum of Canada by C. H. Young and R. M. 
Anderson in 1921; by W. E. Godfrey in 1939; and by W. H. Moore. In recent 
years the writer (1943) has made collections of forest insectivores and rodents in 
connection with a study of their value as predators on forest insects. These 
collections were deposited in the National Museum of Canada. The writer has 
also corresponded with various museums in the United States where some of the 
specimens of the early collectors were deposited. 

The relative abundance of the different species is indicated only in general 
terms. However, the decisions regarding relative abundance, even in general 
terms, have not been made without difficulty in many cases. Some species, such 
as the snowshoe hare, are cyclic in behavior and may be scarce during some years 
and abundant in others. Other species are restricted in occurrence to a certain 
type of habitat. Although they may at times be abundant in their particular 
habitat, their relative abundance is undoubtedly influenced by the extent to 
which such habitat conditions occur in the Province. The lemming vole, for in- 
stance, must be considered rare in New Brunswick, since only a very few speci- 
mens have ever been recorded. It should be noted, however, that few investi- 
gators have troubled to collect small mammals in the cold sphagnum bogs that 
lemming voles appear to prefer. Abundance of nocturnal species is liable to be 
underestimated since they are not commonly observed during woods travel. 

The relative abundance of the «maller mammals is based on the frequency with 
which they have been taken by the writer in traps, in different forest habitats, 
over a period of several years. For the larger mammals, it is based on the fre- 
quency with which they, or their signs, have been observed during several years 
of woods travel in all parts of New Brunswick. Advantage has also been taken 
of information provided by conversations with numerous woodsmen and trappers. 
With regard to game and fur-bearing mammals, the annual reports of the Depart- 
ment of Lands and Mines of New Brunswick have provided a useful indication 
of abundance from year to year. 

Mention is also made of any significant changes that have been known io occur 
in the abundance of the various species of mammals within the period for which 
records are available. For more detailed information in this regard, the reader 
is referred to Squires (1946) who has consulted the early literature, relating to 
this part of Canada, as far back as the year 1610, and compared the various state- 
ments about mammal species and populations. 
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ACCOUNTS OF SPECIES 


* Parascalops breweri (Bachman). Hairy-tailed mole.—This mole may possibly occur 
in the southwestern tip of New Brunswick. Chamberlain (1884) reported that he saw one 
specimen which was taken in Charlotte County in the last century. This record, although 
unsupported by specimens or by subsequent records, has been quite generally accepted. 

Condylura cristata cristata (Linnaeus). Star-nosed mole.—All moles that have come to 
the attention of the writer have been of this species; it is common in suitable 
habitats throughout the Province. 

* Condylura cristata nigra Smith. Star-nosed mole.—This subspecies was described from 
Nova Scotia (Smith, 1940), but it is not yet known whether it extends into southeastern 
New Brunswick. 

Sorex cinereus acadicus Gilpin. Cinereous shrew.—The cinereous, or masked, shrew is 
the most common insectivore in New Brunswick, particularly in coniferous forests (Morris, 
1943). 

* Sorex cinereus cinereus Kerr. Cinereous shrew.—This is the main continental sub- 
species of the cinereous shrew and more specimens are necessary from western New Bruns- 
wick to ascertain whether it intergrades there with S. c. acadicus. 

Sorex arcticus maritimensis Smith. Saddle-backed shrew.—The saddle-backed shrew 
is a rare species which is locally distributed in low, swampy areas. The only specimens on 
record for New Brunswick are two taken near Maugerville by Cox (1896) and one near Hamp- 
ton by Mr. H. E. Hill. It is probable that these specimens are S. a. maritimensis, which 
was described from a larger series taken in Nova Scotia. More specimens are necessary, 
however, before the identity of the New Brunswick form, or forms, can be definitely es- 
tablished. 

* Sorex arcticus arcticus Kerr. Saddle-backed shrew.—Due to insufficient collecting, 
it cannot be said to what extent this subspecies may occur in the Province (see S. a. mariti- 
mensis). 

Sorex fumeus umbrosus Jackson. Smoky shrew.—This shrew is rare, but quite widely 
distributed. A few specimens have been taken by previous investigators in various parts of 
the Province, including Madawaska, Gloucester, Kings, and Sunbury counties. Fairly 
extensive trapping by the writer in recent years has not yielded a single specimen. It is 
apparently more commou in Nova Scotia, however, in hemlock forests with mossy ground 
cover (Rand, 1933; Smith, 1940). 

Sorex palustris gloveralleni Jackson. Water shrew.—There are a few specimens in the 
National Museum of Canada taken in Gloucester County by R. M. Anderson and C. H. 
Young, and one from Charlotte County by W. E. Godfrey. This species is one of the rarest 
of the shrews in New Brunswick, but it is sometimes taken near pools of open water in mossy, 
coniferous forests. 

* Sorex palustris albibarbis (Cope). Water shrew.—The range of this water shrew is 
considered to extend into western New Brunswick (Jackson, 1928), but specimens have not 
yet been taken. 

Microsorex hoyi thompsoni (Baird). Pigmy shrew.—The pigmy shrew occurs throughout 
New Brunswick. Although less plentiful than the cinereous shrew, the writer has found it 
to be moderately common at times in coniferous forests. 

* Microsorex hoyi intervectus Jackson. Pigmy shrew.—It is thought that this sub- 
species, which occupies the Gaspe, may extend into northwestern New Brunswick, but defi- 
nite records for that area are lacking. 

Blarina brevicauda pallida Smith. Short-tailed shrew.—The short-tailed shrew is com- 
mon in New Brunswick in hardwood stands where there is a ground cover of fallen leaves, 
but rather uncommon in most stands of spruce and fir. 

Blarina brevicauda angusta Anderson. Short-tailed shrew.—Specimens of the short- 
tailed shrew from northwestern New Brunswick, including Madawaska County, were re- 
ferred to this subspecies by Anderson (1940). 

Blarina brevicauda talpoides (Gapper). Short-tailed shrew.—This shrew occurs in 











168 JOURNAL OF MAMMALOGY Vol. 29, No. 2 


western New Brunswick, but there has not been enough collecting to show where its range 
meets those of B. b. pallida and B. b. angusta. 

Myotis lucifugus lucifugus (Le Conte). Little brown bat.—The little brown bat is com- 
mon throughout New Brunswick and nearly all of the bats to come to the attention of the 
writer have been of this species. 

Myotis keenii septentrionalis (Trouessart). Long-eared brown bat.—This bat is prob- 
ably moderately common in New Brunswick, since it is common in both Nova Scotia (Rand, 
1933) and the Gaspe (Goodwin, 1929). It has generally been overlooked because of its 
superficial resemblance to Myotis lucifugus, but it can be distinguished by its long ears which 
reach well past the tip of the nose when laid forward. There are a few specimens on record 
from Grand Manan and one from Gloucester County. 

Lasionycteris noctivagans (Le Conte). Silver-haired bat.—This is a rare species in New 
Brunswick. There is a specimen in the Museum of Comparative Zoology that was collected 
on Kent Island, near Grand Manan, in 1938. There is also a specimen in the New Brunswick 
Museum taken in Saint John County in 1898. Anderson (1940) reported it to be abundant in 
southern Quebec, but it is not yet known in Nova Scotia (Smith, 1940). 

* Eptesicus fuscus fuscus (Beauvois). Big brown bat.—The big brown bat probably 
occurs in New Brunswick, but there are no definite records. It is reported to be common in 
southern Quebec (Anderson, 1940) and has been taken at Eastport, Maine. Its range is 
generally considered to include New Brunswick and Nova Scotia (G. M. Allen, 1933), al- 
though specimensare lacking. Like the little brown bat, it frequents houses and barns where 
it hibernates in colonies. 

Lasiurus borealis borealis (Miiller). Red bat.—The red bat was listed by Chamberlain 
(1884) as a rare species in New Brunswick. Copeland and Church (1906) record one speci- 
men in the collection of John Moses of Grand Manan that was taken about 1900. It is re- 
ported to be common in southern Quebec, but not often seen because it frequents trees rather 
than houses (Anderson, 1940). 

Lasiurus cinereus (Beauvois). Hoary bat.—This bat was listed by both Adams (1873) 
and Chamberlain (1884) as uncommon in New Brunswick. Copeland and Church (1906) 
recorded a single specimen in the collection of John Moses, taken about the same time as the 
red bat. One specimen has been taken at Halifax, Nova Scotia (Smith, 1940). This large 
bat is another migratory species which frequents the forests. 

Euarctos americanus americanus (Pallas). Black bear.—The bear is common throughout 
New Brunswick. A Provincial bounty of $10.00 a head is probably reducing its numbers, at 
least in the settled regions. The annual kill in recent years is generally between 700 and 1500. 

Procyon lotor lotor (Linnaeus). Raccoon.—The raccoon is moderately common along the 
coast and the settled parts of the larger rivers, at least in the southern half of the Province, 
but rarely found in the densely forested regions of the interior and northern part. New 
Brunswick is in the northern limits of the range of this species. Goodwin (1924) reported 
that one specimen was trapped in the Gaspe in 1923, where it was unknown to the inhabitants. 
Its preferred habitat usually includes open fields along the edge of hardwood stands and near 
water. Because of its nocturnal feeding habits it is not often seen. 

Rand (1943a) gave interesting evidence to show that in Nova Scotia the raccoon occurred 
in early times, then disappeared between 1606 and 1870. It was returning in 1870 and since 
then has increased sufficiently in numbers to be considered as common in some parts. There 
is also some indication that the raccoon may have become more common in New Brunswick 
since the last century. Squires (1946) noted that it was never mentioned by the early 
French writers and so must have been very rare or absent at that time. The first references 
to it in this Province appeared in 1825 and 1832. Adams listed it as very rare in 1873, and in 
1884 Chamberlain listed it as very rare, except along the Bay of Fundy Coast. J. A. Allen 
(1894b) reported that he had evidence of its occasional occurrence at Fredericton, but not in 
the Trousers Lake region. The number of pelts on which royalties are paid annually has 
increased in New Brunswick to over 2000 in recent years. 
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Martes americana americana (Turton). Marten.—Although formerly common, the 
marten is now rare and restricted to the more remote areas. At one time it was one of the 
most abundant fur-bearing species in New Brunswick. All of the lists for the last century 
reported it to be abundant throughout the Province, although Adams suspected that it was 
beginning to decline in numbers in 1873. He described this species in some detail and 
thought that specimens from hardwood forests were lighter in color than those from pine 
forests. It has become so scarce in recent years that, for the period 1939 to 1944, royalties 
were paid on an average of only seventy-five pelts annually. It has had a similar history in 
adjacent provinces, and Anderson (1940) believed that this decline is due to over-trapping, 
since the fur is very valuable. A closed trapping season was initiated in New Brunswick in 
1945. It is to be hoped that this has not been effected too late to prevent extermination of 
this species. 

Martes pennanti pennanti (Erxleben). Fisher.—The fisher is rare, but still to be found 
in the more remote forests of the center and north. It was formerly more common, but 
apparently never very plentiful within historical times. The fisher is probably the rarest 
and most valuable fur-bearer in Canada and this has led to its extermination in many of the 
more settled parts. The reports on New Brunswick mammals for the last century suggest 
that it was then more widespread, but was nowhere very plentiful. It is now considered to be 
extinct in Nova Scotia (Smith, 1940) where about 200 pelts per year were taken near the 
middle of the last century. For the period 1939 to 1944, royalties were paid on an average of 
thirty-two pelts annually in New Brunswick. Closed trapping season was initiated in 1945 
for this species. 

Mustela erminea richardsonii Bonaparte. Short-tailed weasel—This is the common 
weasel of New Brunswick and royalties are generally paid on 10,000 to 16,000 pelts annually. 
It fluctuates in numbers, however, probably depending upon the food supply. 

Mustela frenata occisor (Bangs). Long-tailed weasel—Adams (1873) described two 
species of ermine, or weasels, from New Brunswick and his measurements indicate that one 
was M. erminea and the other M. frenata. Authentic specimens of the latter were lacking, 
however, until 1946 when one was collected near Fredericton by N. R. Brown. This species 
is much less common than M. erminea. 

* Mustela rixosa allegheniensis (Rhoads). Least weasel.—The least weasel may pos- 
sibly occur in parts of New Brunswick, but it is not yet recorded. This is a rare species that 
has been recorded locally in parts of Quebec and in some of the northeastern States. There 
is some evidence of its presence in Nova Scotia. 

Mustela vison vison Schreber. Mink.—This fur-bearer is moderately common in suitable 
habitats. Royalties are paid on about 2000 pelts annually. 

Gulo luscus luscus (Linnaeus). Wolverine.—This species was formerly present, but 
never very common. New Brunswick was at one time in the southern limits of its range. 
It is apparently an animal that will not tolerate civilization. Squires (1946) quoted records 
showing that eight pelts were exported from Saint John between 1764and 1774. Chamberlain 
(1884) reported : ‘‘Some 30 years ago it was occasionally met with, but no recent instanceof 
its occurrence is known.”’ 

Lutra canadensis canadensis (Schreber). River otter.—The otter is now generally rare 
and apparently limited in distribution to wilderness rivers. The lists for the last century 
reported it to be moderately common in favorable localities. None has been seen by the 
writer, but, for the period 1939 to 1944, royalties were paid on an average of seventy-eight 
pelts annually. A closed trapping season on this fur-bearer was initiated in 1945. 

Mephitis mephitis mephitis (Schreber). Striped skunk.—The skunk is common through- 
out New Brunswick, particularly in the vicinity of cleared land. It is possible that this 
species has increased in New Brunswick since the last century, but definite evidence is not 
available. In 1873, Adams reported that it was increasing. Gilpin (1870) believed that it 
entered Nova Scotia in comparatively recent years and that it was not known there before 
1850. 
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Vulpes fulva rubricosa Bangs. Red fox.—This species is common throughout the Prov- 
ince. The cross fox, a color phase of this species, is also occasionally taken. During the 
past few years some 4000 foxes have been trapped annually (Ritchie, 1944). 

* Vulpes fulva fulva (Desmarest). Red fox.—This form occurs in southern Quebec and 
the eastern States and possibly enters western New Brunswick. 

Canis lupus lycaon Schreber. Timber wolf.—The wolf is now extinct, but was formerly 
common, at least during the first part of the Nineteenth Century. Squires found that the 
only mention of this species by early French writers was by LeClerq in 1691 and that between 
1764 and 1774 only two Nova Scotia wolves were included in the list of furs exported from 
Saint John. He concluded that either it was more numerous than these records implied or 
that it increased rapidly because a New Brunswick bounty was initiated in 1792. The latter 
possibility is favored by Gesner’s (1847) statement that the wolf first appeared in New Bruns- 
wick in 1818, extending its range far beyond former limits. Gesner and other writers of the 
time reported it to be numerous and destructive in the first half of the Nineteenth Century. 
Ganong (1908) said the last bounty was paid for three animals killed in 1862, but quoted evi- 
dence to show that the species was present in the more remote parts of the Province fora 
number of years later. In 1873, Adams stated that it was then found in the northern parts 
only and J. A. Allen (1894a) said that it had been extinct for some years. 

* Felis concolor couguar Kerr. Cougar.—The cougar, or panther, probably occurred 
very sparingly in earlier times. In 1847, Gesner listed the cougar as very rare ; Adams listed 
it as “‘doubtful”’ in 1873; and in 1884, Chamberlain said that no recent instances of its oc- 
currence were known. In 1903, Ganong summed up the available records and concluded that 
there was no authentic evidence of either the present or former occurrence of the cougar 
within the limits of New Brunswick. G.M. Allen (1942) believed that it disappeared from 
eastern United States about 1840, where it formerly occurred sparingly in New England and 
the southern half of Maine. Its original range is thought to have coincided with that of the 
white-tailed deer, which was its chief prey. It may be of interest to mention that reports 
oi the recent occurrence of the cougar have been made in both Maine (G. M. Allen, 1942) 
and New Brunswick (Wright, 1941). To date, however, these reports have not been substan- 
tiated by specimens. 

Lynx canadensis canadensis Kerr. Lynx.—The lynx was formerly common, but is now 
very rare and restricted to the more remote parts of the Province. Levinge (1846) listed 
both the lynx and the bobcat as common in New Brunswick and described accurately the 
difference between the two species. The other lists for the last century also indicate that 
the lynx was then common, which was also the case within the memory of theolder woodsmen. 
Within the present century, however, it has greatly decreased in numbers and is now on the 
verge of extirpation. Ritchie (1944) reported that one specimen was taken in 1943, the only 
one he knew of in some fifteen years. It has hada similar fate in Nova Scotia. Smith (1940) 
believed that it is now extinct on the mainland of that Province, but may still be found on 
Cape Breton Island. 

Lynx rufus rufus (Schreber). Bobcat.—The bobcat, or wildcat, is moderately common 
throughout the Province. Royalties are collected on 500 to 1000 pelts annually. Froma 
summary of the earlier literature, Squires (1946) concluded: ‘‘It seems probable that during 
the last hundred years the positions of the two lynxes in our fauna have been reversed ; that 
the Canada lynx was formerly so much the more common that it was the only one that came 
to the attention of many of the writers, whereas in late years it has become almost extinct in 
the Province while the wildcat is now abundant.”’ 

Lynx gigas Bangs. Nova Scotia bobcat.—This larger bobcat was described from Nova 
Scotia and is reported to occupy parts of eastern New Brunswick. Some writers are not 
satisfied as to the specific identity of L. gigas and believe it is more liable to be a subspecies 
of L. rufus (Smith, 1940). More specimens are required before its taxonomic position or 
range in New Brunswick can be determined. 

Marmota monax canadensis (Erxleben). Woodchuck.—The woodchuck, or groundhog, 
is common, particularly near settlements. 
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*Marmota monax johnsoni Anderson. Woodchuck.—The range of this subspecies is 
thought to extend into northwestern New Brunswick, but specimens are not yet available 
from that area. 

Tamias striatus lysteri (Richardson). Eastern chipmunk.—The chipmunk is moderately 
common in suitable habitats. It is usually seen in small hardwood areas, particularly near 
cleared land. 

Tamiasciurus hudsonicus gymnicus (Bangs). Red squirrel.—This squirrel is abundant 
throughout New Brunswick. 

Sciurus carolinensis leucotis (Gapper). Gray squirrel.—The gray squirrel is locally 
distributed in or near towns in the southern part of New Brunswick. It has a similar type 
of distribution in adjacent parts of eastern Canada, and Rand (1933) believed that in Nova 
Scotia it became established from escaped introduced animals. In New Brunswick, Squires 
(1946) found that the first reference to this species in the early literature occurred in 1832, 
and in the latter part of the last century both Adams and Chamberlain reported it to be pres- 
ent in the southwestern part of the Province. The black color phase occurs rarely. The 
writer has seen the gray squirrel as far north as Woodstock and from a summary of other 
recent reports Squires (ibid.) believed that its present northeastern limit may be repre- 
sented by a line from Woodstock through Scotch Lake, Stanley, Grand Lake, Gagetown, 
Brown’s Flats, and West Saint John. 

Glaucomys sabrinus macrotis (Mearns). Northern flying squirrel.—The flying squirrel 
is perhaps moderately common in New Brunswick, but is not frequently seen or trapped 
because of its nocturnal and arboreal habits. 

* Glaucomys sabrinus gouldi Anderson. Northern flying squirrel.—It is not yet known 
whether this subspecies extends into southeastern New Brunswick. 

Castor canadensis acadicus Bailey and Doutt. Beaver.—Originally numerous, the 
beaver was at one time in danger of extinction from over-trapping and the lists for the latter 
part of the last century indicate that at that time it was already becoming scarce in accessible 
areas. In recent years, however, a closed trapping season and a program of restocking 
trapped-out areas have so favored the beaver that controlled trapping was again permitted 
in 1944 and 1945. It was estimated that through these measures the population increased 
from a few hundred in 1933 to some 20,000 in 1944 (Ritchie, 1944). 

Peromyscus maniculatus abietorum (Bangs). Deer mouse.—The deer mouse is common 
in all forest types throughout New Brunswick. Of the Cricetidae, it is second in abundance 
only to the red-backed vole. 

Peromyscus maniculatus argentatus Copeland and Church. Deer mouse.—This sub- 
species of the deer mouse is restricted to the Island of Grand Manan. 

* Peromyscus leucopus caudatus Smith. White-footed mouse.—This is the common 
species of Peromyscus occurring throughout the settled areas of western Nova Scotia, where 
it prefers grassy fields, marshes, and small woodlots. No specimens from New Brunswick 
have as yet been referred to leucopus, however. 

Synaptomys cooperi cooperi Baird. Lemming vole.—A few specimens have been taken 
by others from widely separated parts of the Province (J. A. Allen, 1894b; Anderson and 
Rand, 1943), but none has been secured by the writer. Lemming voles are notably cyclic 
in abundance, however, and it is not improbable that this species may at times be fairly 
common in its preferred habitats. 

Synaptomys borealis sphagnicola (Preble). Lemming vole.—This species is very rare 
and locally distributed. The only specimen ever recorded from New Brunswick was taken 
by Dr. Anderson in 1921 near the Miramichi road in Gloucester County. The only specimens 
taken elsewhere are the type specimen from New Hampshire; two specimens from Mount 
Katahdin, Maine; four from St. Rose, Quebec; and one from the Gaspe (Anderson, 1940). 

Clethrionomys gapperi ochraceus (Miller). Red-backed vole.—This vole, or short-tailed 
mouse, is common and widely distributed in all of the main forest types. Observations by 
the writer during the past five years indicate that this species is the most abundant of the 
Cricetidae in New Brunswick, particularly in coniferous types. J. A. Allen (1894a) found 
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the same to be true in the last century. Specimens lacking the typical red color on the back 
are not uncommon. Specimens of this type, which may vary from gray to almost black, 
were first discovered by Allen on his expedition to Trousers Lake in 1894 and were described 
as a new species, Evotomys (Clethrionomys) fuscodorsalis. This was subsequently recog- 
nized to be only a melanistic phase of C. gapperi and is now often referred to as the ‘‘fuscodor- 
salis’’ color phase. In most parts of New Brunswick, ‘‘fuscodorsalis’’ specimens occur in the 
ratio of about one or two per hundred specimens of the typical red phase. 

Clethrionomys gapperi gaspeanus Anderson. Red-backed vole-——The Gaspe form ex- 
tends into Madawaska and parts of Restigouche Counties in northwestern New Brunswick. 

Clethrionomys gapperirufescens Smith. Red-backed vole. The Nova Scotia subspecies 
intergrades with C. g. ochraceus in southern New Brunswick (Smith, 1940). 

Microtus pennsylvanicus pennsylvanicus (Ord). Meadow vole.—This is a common 
species in suitable habitats. In the Gaspe, meadow voles are sometimes taken in coniferous 
forests where the deep moss affords them excellent cover. In New Brunswick, however, 
the moss layer in most stands is not sufficiently deep for this purpose and the meadow vole, 
although common in damp grass or sedge lands, is rarely taken in the forest. This species 
may fluctuate considerably in abundance. 

Microtus pennsylvanicus acadicus Bangs. Meadow vole.—This form occupies the Island 
of Grand Manan in New Brunswick and presumably parts of the southern mainland (Rand, 
1943b). 

Microtus chrotorrhinus chrotorrhinus (Miller). Rock vole.—This vole is rare and locally 
distributed. Four specimens were taken on the Tobique by J. A. Allen in 1894 and one 
specimen near the head of Green River, Restigouche County, by the writer and F. C. Hirtle 
in 1945. It has not been recorded to date in southern New Brunswick or in Nova Scotia. 

Ondatra zibethica zibethica (Linnaeus). Muskrat.—The muskrat is common in all 
suitable habitats throughout New Brunswick. Royalties are paid on some 20,000 pelts 
annually. To prevent over-trapping, a policy of declaring closed season every fifth year has 
recently been announced by the Province. 

Mus musculus domesticus Rutty. House mouse.—This mouse is common in all settled 
parts, both in buildings and in nearby fields. In Nova Scotia, Smith (1940) reported taking 
specimens from Microtus runways in midwinter, so it appears that the house mouse may be 
capable of establishing itself along with native species independent of buildings. It ap- 
parently became introduced in the early days of settlement, since the earliest lists for the 
last century record it as already abundant. 

Rattus norvegicus (Berkenhout). Norway rat.—The rat is a common pest in all settled 
parts, and even in remote woods camps. Its history in this region has probably been similar 
to that of the house mouse. 

Rattus rattus rattus (Linnaeus). Black rat.—Listed by Gesner in 1847, and, in 1884, 
by Chamberlain who stated that a few specimens were taken at St. Stephen by Mr. G. A. 
Boardman. No recent instances of its occurrence in New Brunswick are known. The black 
rat was formerly introduced over a wide territory on this Continent, but has now been largely 
driven out by the Norway rat. It is possible, however, that it may occasionally be intro- 
duced near the seaports. 

Zapus hudsonius canadensis (Davies). Meadow jumping mouse.—The meadow jumping 
mouse is only moderately common in New Brunswick. It prefers open grassland, and wild 
meadows, where it may locally be common at times. No specimens have been taken by the 
writer in forested land. Z. h. canadensis occurs in the western part of New Brunswick. 

Zapus hudsonius acadicus (Dawson). Meadow jumping mouse.—This subspecies occurs 
in Nova Scotia and the eastern part of New Brunswick, but sufficient specimens are not 
available to show where its range meets that of the preceding subspecies. 

Napaeozapus insignis insignis (Miller). Woodland jumping mouse.—This species is 
generally uncommon, but like the foregoing species it may at times be fairly common in 
restricted localities. It is more widely distributed than Zapus and, in addition to sites 
occupied by that species, is also found in many forest types. In New Brunswick, the writer 
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has taken it in coniferous forests near grass-bordered brooks, in sphagnum bogs, and in young 
plantations where there was a ground cover of grass. 

Erethizon dorsatum dorsatum (Linnaeus). Porcupine.—The porcupine is common and 
widely distributed in the forested parts of the Province. A bounty of fifty cents each, which 
has been in effect in New Brunswick since 1942, has apparently resulted in a reduction in the 
numbers of porcupines, at least near settlements and lumber camps. In 1943, this bounty 
was collected on 68,549 snouts; in 1945, the number was reduced to 36,824. Reeks (1942) 
presented some interesting data on its population and habits in the Maritimes. 

Lepus americanus struthopus Bangs. Snowshoe hare.—The hare, locally called ‘rabbit,’ 
is cyclic in population behaviour, but generally common. 

Odocoileus virginianus borealis Miller. White-tailed deer—The deer is now the 
principal game animal of the Province. The annual kill is ordinarily between 10,000 and 
15,000. The writers of the last century believed that the deer was a comparative newcomer 
to New Brunswick. Gesner was of the opinion that it first appeared in the Province in 1818 
and by 1848 had become common in Charlotte County, particularly in the valiey of the Maga- 
guadavic. In Adam’s time (1873) it was still quite localized, but was expanding its range to 
the northeast. In 1884, Chamberlain reported that it was generally uncommon, though 
increasing, and had recently spread into York County and as far north as Carleton and 
Victoria counties. In 1894, J. A. Allen (1894a) did not find it in the Trousers Lake area, 
but knew of its occurrence farther down the Tobique River near cleared land. Since that 
year, it has occupied the rest of the Province and has considerably increased in numbers. 
In 1896, fourteen specimens were introduced from New Brunswick into Nova Scotia and it 
has shown a similar increase in that Province. Squires, however, doubted that deer were not 
present in New Brunswick before the last century and quoted several references to them, 
as well as to moose and caribou, by French writers of the Seventeenth Century. Among 
the skins shipped from Saint John between 1764 and 1774 were eighty-five deer skins. It 
would appear then that deer, although formerly present, became exterminated or very 
scarce near the beginning of the last century. This is substantiated by Smith (1940), whose 
discovery of its bones in Indian shell mounds in Nova Scotia indicates that it existed there 
at sometime prior to its re-introduction from New Brunswick. If the history of deer in 
New Brunswick is compared with that of the wolf, it will be seen that the two species have 
varied inversely in numbers and distribution, probably because the former is easy prey for 
the latter when yarded in deep snow. This presumably explains the disappearance of deer 
at the first of the last century when the wolf was plentiful. 

Alces americana americana (Clinton). Moose.—The moose is still moderately common 
in some regions, but was formerly more common and more generally distributed. Squires 
has traced the history of the moose, showing that it was abundant in the Seventeenth and 
Eighteenth centuries, but became so scarce in the last century that it was protected in some 
parts of the Province by closed hunting seasons. Some of the writers in the early part of the 
last century even believed that it had become extinct. Apparently this was largely due to 
over-shooting. It increased, however, and remained plentiful until 1930, the annual kill 
averaging over 1000. Its numbers then declined rapidly and, although there has been no 
open hunting season on this species since 1936, it has not increased to its former numbers in 
the Province. 

Rangifer caribou caribou (Gmelin). Caribou.—The caribou, formerly common through- 
out the Province, is no longer found there. In 1847, Gesner reported the caribou as common. 
In 1873, Adams reported that it was confined to the more heavily forested regions and ap- 
parently decreasing. J. A. Allen (1894a) reported that it was still common, but found only 
as far south as Woodstock. Since that date it continued to retreat to the north and finally 
disappeared from the Province about 1927. The reasorss for its disappearance are not clear, 
but G. M. Allen (1942) assumed that the ease with which it could be shot and its apparent 
aversion to settlements and forest operations have been contributing factors. Anderson 
(1940) believed that the destruction of its favourite food, the Reindeer Moss, by fires had 
been an additional factor. 
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DISCUSSION 


An attempt has been made in this list to include all of the recent land mammals 
known to occur in New Brunswick or to have occurred there within the period of 
time for which records are available. Mention has also been made of all the 
additional species that are liable to occur there, but for which authentic speci- 
mens are not yet available. It has been seen that considerable gaps occur in our 
knowledge of New Brunswick mammals, particularly in the case of some of the 
smaller and less commonly known species such as the bats and the shrews. 

This list includes fifty species for which definite records are available; three of 
these species are now extinct in New Brunswick. An additional five species have 
been listed as probably occurring within the Province, but not yet definitely re- 
corded. One of these, the panther, is extinct in this region. In terms of sub- 
species or races, a total of fifty-seven forms is known to occur, of which the same 
three are extinct, and an additional eight forms of the known species may possi- 
bly occur. 

A number of changes have occurred during the last 100 years both in the abun- 
dance and the distribution of several species. These have resulted in a net loss 
in the variety of our fauna. There is a natural tendency to attribute these 
changes to the effects of man on the natural environment, particularly in land 
clearing and forest operations, or to his direct effect on the animal population 
by shooting and trapping. In many cases this provides a logical explanation, 
especially in the case of species whose disappearance has coincided with the 
settlement of the land. It should be borne in mind, however, that there is evi- 
dence that such changes occurred before the advent of the white man in this 
region and that bones from Indian refuse heaps indicate that some species were 
present several centuries ago, species which we consider as fairly recent additions 
to our fauna. 

No definite changes can be recognized in the case of most of the smaller mam- 
mals. Several new species have been added to the records, but they represent 
mostly rare species which were probably missed by the earlier observers. 

Many of our larger carnivores have disappeared, including the cougar, the 
wolf, and the wolverine, and the lynx appears to be on the verge of extinction. 
Since these species were all inimical to the interests of the early settlers, it is 
probable that their disappearance has been aided by their destruction whenever 
encountered, encouraged by legal bounties. The bear, however, and the bobcat 
have held their own, despite similar bounties. 

The more valuable fur-bearers, such as the marten, the fisher, and the otter, 
have been greatly reduced in numbers and have retreated to the more remote 
parts of the Province. This appears to be a result of over-trapping and it is 
gratifying to learn that these species are now protected. The beaver was in a 
similar position at one time, but its situation has been greatly improved by care- 
ful management practice. Two of the less valuable fur-bearers, the raccoon and 
the skunk, are species which prefer the edge of cleared land and there is some 
evidence that they have increased since the last century. 

As to the large game animals, the carihou has been entirely replaced by the 
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white-tailed deer as the game animal of the Province. The situation with regard 
to the moose, formerly an important game species, is still doubtful. 
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NOTES ON THE HAITIAN HUTIA, PLAGIODONTIA, AND EXTINCT 
RELATED GENERA 


By G. H. H. Tare 


The New York Zoological Society has just received from Haiti two living speci- 
mens of mammals, seemingly identical to Oviedo’s ““Hutia,” named Plagiodontia 
hylaeum Miller (1927). 

Flower (1929: 229) indicated that a live specimen had previously existed in the 
London zoo about ninety years ago. Thereafter, Plagiodontia was believed to 
be extinct until Miller (1916-30) indicated in a series of papers that at least one 
species of the genus was still to be found living. Miller recognized three species, 
aedium Cuvier, spelaewm Miller (extinct), and hylaewm Miller. Whether P. 
aedium is extinct has yet to be demonstrated. 

At the invitation of Mr. Lee Crandall, I examined the specimens. One was 
dark brown, slightly paler beneath, with tail and feet pigmented fuscous; the 
other, light orange brown, partly albinistic, with pink eyes and unpigmented 
hands, feet, and tail. The ears were quite short (about 15 mm.); the tails were 
proportionately short as in Geocapromys. Both specimens were males. 

The normally colored animal was caught with gloved hands for closer examina- 
tion and rough measuring. It squeaked and resisted strongly and bit at the 
gloves. When the head was held, the mouth was opened. A corner of the mouth 
could be drawn back slightly to reveal the oblique pattern of the enamel folds of 
the anterior upper molars, which distinguish Plagiodontia from the Capromyidae. 
Our rough measurements, which fit the smaller specimens of Miller’s (1927) 
table, include: head and body, + 310 mm.,; tail, + 140; hind foot, s.u., 63, c.u., 

70 mm. 

The closest locality so far obtained for the new specimens is ‘mountains of 
southern Haiti.” The altitude is still unknown. 

The animals climb readily. When the darker one was returned to the cage 
the albinistic specimen had climbed the wire side of the cage to the top. The 
animals seem to be nocturnal; by day they crouched close together motionless. 
They readily ate fresh leaves, nuts, and fruit, but only a little of the grain pro- 
vided. 

The use of the name Hutia for Plagiodontia seems to be justified. Miller has 
shown that the Hutia of Oviedo (1547) in all likelihood was Plagiodontia and, in 











May, 1948 TATE—HAITIAN HUTIA 177 


consequence, its employment by Desmarest (1822) for Capromys was slightly 
erroneous. Long usage, however, has established Desmarest’s name and Mr 
Crandall now proposes to dub Plagiodontia the ‘Haitian Hutia.”’ 

On the basis of two specimens of Plagiodontia taken to France by Alexander 
Ricord, Cuvier (1836) gave the length of head and body as one foot (French), 
of the tail as five inches. These dimensions were followed by a detailed descrip- 
tion of the skin, teeth, and skull (1836: 350-352). The pale color of the fur in 
Cuvier’s colored plate and the touches of pink introduced into the hands, feet, 
and tail suggest that a measure of albinism was present in the specimen depicted. 
However, the artist made the eye black. Gervais (1854) figured a skull of 
Plagiodontia—apparently not the same skull as that figured earlier by Cuvier 
(fide Miller). 

Finding discrepancies between the sizes of aediwm and the recent specimens 
sent him by Dr. Abbot, Miller (1927) decided to describe the latter as new 
(hylaeum), at the same time referring skull fragments of a larger species to 
aedium Cuvier. It is thus clear that not only hylaeum, but aedium also may still 
live in Haiti. The two animals now at the zoo are rather small and seem better 
referable to hylaeum. 

It is well to point out that not many centuries ago the Greater Antilles was the 
home of a rather specialized group of Hystricoid rodents (now subfossil) having 
the molar laminae strongly sloping. This group is typified by Plagiodontia, the 
only living genus, which Ellerman (1940) raised to the rank of a subfamily of the 
Echimyidae-the Plagiodontiinae. Simpson (1945) placed Plagiodontia in the 
Capromyidae and Jsolobodon in the Echimyidae. He omitted Quemisia (see 
beyond). 

Tsolobodon, which was described from Porto Rico by J. A. Allen (1916), stands 
quite close to Plagioduntia and the two may even prove to be congeneric; the 
slope of the laminae of the molars is nearly similar to that in Plagiodontia, differ- 
ing only in the degree of inclination to the toothrow. The living animals prob- 
ably presented a very similar appearance to species of Plagiodontia. 

Miller (1922) recorded Isolobodon from Haiti under the generic name [thydontia 
(type, levir), but later (1929) placed Jthydontia in the synonymy of Jsolobodon. 
Still other generic offshoots of this subfamily were A phaetreus Miller; Quemisia 
Miller, and Elasmodontomys Anthony. All had sloping molar enamel plates. 
Quemisia and Elasmodontomys were as large as small hounds. 
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GENERAL NOTES 
A COLOR PATTERN ABERRATION IN PIPISTRELLUS SUBFLAVUS SUBFLAVUS 


An adult female pipistrelle (Pipistrellus subflavus subflavus) of unusual color pattern was 
among several bats of this species collected February 10, 1947, by Floyd Potter in Cascade 
Cavern, 8.4 miles southeast of Boerne, Kendall County, Texas. This aberrant individual 
is white in appearance over most of the dorsal and ventral surfaces of the body exclusive 
of the head and the extreme posterior part of the body. The wings, feet, tail, interfemoral 
membrane, rump, and ears are normal brown. 

The change from normal color pattern is limited to the body of the animal. The maxi- 
mum loss of pigment centers in the mid-dorsal area. The face, chin, ear pinnae, and tragi 
are brown, and show no deviation from normal coloration. Posterior to the anterior inser- 
tion of the pinnae, the dorsal body hairs show a general paling in a band about ten milli- 
meters wide (measured in dry skin). The hairs in this band are pale slaty gray at their 
bases and pale brown at their distal ends. The paleness of pigmentation increases posteri- 
orly, and this band of pale hairs merges gradually into an area of completely white pelage. 
This white area is about sixteen millimeters in antero-posterior width and comprises ap- 
proximately the central one-third of the dorsal surface. Lateral to this, the hairs are dis- 
tally white and proximally pale slaty gray. Posterior to the central area of completely 
white hairs there is a gradual increase in intensity of pigmentation, with a progression 
through hairs that are distally white and proximally pale gray to hairs that are pigmented 
throughout. The rump hairs, in a band about seven millimeters wide, are normal dark 
brown in color. 

On the ventral body surface, most of the hairs are pale slaty gray at their bases and white 
at their distal ends. An indistinctly defined area in the mid-thoracic region has the hairs 
white throughout their length. The hairs of the chin are normal in color; they grade pos- 
teriorly into the white-tipped, pale-based hairs of the ventral body surface. At the pos- 
terior end of the body, the hairs immediately bordering the interfemoral membrane are 
normal or nearly normal in coloration. 

Microscopically, the hairs from pale areas of the aberrant individual, by comparison with 
the hairs of a normal pipistrelle, show varying degrees of reduction in the intensity of color 
in the pigment granules. In the most extreme cases (i.e., completely white hairs) no pig- 
ment granules can be detected. In others, the granules are varying shades of pale sepia 
rather than the dark sepia of normal hairs. The mutation, or mutations, responsible for 
the pattern of this aberrant individual affects the intensity of the pigment in bilaterally 
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symmetrical areas of the pelage. Bilateral reduction in the intensity of pigmentation oc- 
curs commonly in many rodents. Certain of these rodents, Perognathus apache gypsi and 
Peromyscus polionotus leucocephalus, have the pigmented area much reduced. In the lat- 
ter species, at least, multiple genes are involved in the reduction of the size of the pigmented 
area. It is of interest that, in the above-mentioned rodents, whiteness of pelage centers 
in the mid-ventral region with an increase in intensity of pigmentation toward the dorsal 
surface. In this mutant bat, whiteness of pelage centers in both the mid-dorsal and mid- 
ventral areas with an increase in intensity of pigment toward the anterior and posterior 
ends of the animal and with a lesser increase toward the lateral surfaces. 

This aberrant bat, with its white body and dark-brown wings, is strikingly conspicuous 
by comparison with normally-colored individuals of the same species. Natural selection 
should, therefore, tend to eliminate such conspicuous individuals from the population of 
this species—W. Frank Buiarr, Department of Zoology, University of Texas, Austin 12, 
Texas. Received October 3, 1947. 


A BAT (PIPISTRELLUS) RECORD FROM HONDURAS 


While checking a number of unidentified alcoholic specimens in the collection of the 
Division of Mammals, University of Michigan Museum of Zoology, I discovered three small 
bats, collected on the Jilamo Farm, Dakota Division, Tela District, of the United Fruit 
Company, in Honduras. They were taken May 23, 1924. These specimens proved to be 
of the genus Pipistrellus. All were adult females, each with two well-developed embryos. 

To the best of my knowledge, this constitutes the most southern record of occurrence for 
this genus in the Western Hemisphere. The following description and comparisons are 
given to make the data generally available. 

Even after nearly twenty-five years in alcohol, the color of these specimens is still much 
darker than that of any Pipistrellus available for comparison. The arrangement of color 
bands on the hairs is similar to what is described for Pipistrellus veraecrucis Ward. The 
distribution of fur on the body and membranes is apparently the same as in Pipistrellus 
subflavus F. Cuvier. The external measurements of catalogue numbers 55863, 55864, and 
55865, respectively, in millimeters, are: ear from notch, 12, 12, 11; tragus (outer border), 
4.8, 4.6, 4.7; forearm, 33, 31, 33; thumb, 6, 6, 6; tibia, 14, 14, 14; foot, 9,8,8. Total length 
and tail length could not be taken without chance of gross inaccuracy. 

The skulls were removed from the specimens and cleaned. In comparison with P. sub- 
flavus from Georgia and Oklahoma, the crania are smaller and the rostrum is shorter and 
relatively broader. The frontal bulges are less prominent, and the brain case is more 
evenly rounded. The temporal line is more prominent than in P. subflavus. The tooth 
rows tend to be more convergent posteriorly. The teeth correspond almost exactly with 
those of P. subflavus, but differ from those of P. veraecrucis in having the lower incisors 
spaced unequally and the basal cusps present on both the anterior and posterior borders of 
the lower canines. The following skull measurements were taken (catalogue numbers 
55863-5, respectively, in millimeters) : greatest length, 12.3, 12.4, 12.9; condylobasal length, 
10.8, 10.6, 11.2; greatest width of brain case, 6.5, 6.4, 6.3; height of brain case, including 
bullae, 5.7, 5.8, 5.6; greatest zygomatic width,—, 7.7, 7.4; interorbital constriction, 3.5, 3.4, 
3.1; length of bony palate, 4.4, 4.3, 4.3; length of upper tooth row, excluding incisors, 4.0, 
3.9, 4.2; distance from labial border of right M? to labial border of left M?, 4.8, 5.0, 4.9; 
distance from posterior border of palatal shelf to lip of foramen magnum, 4.5, 4.4, 4.6; 
length of bullae, 2.4, 2.5, 2.4. 

These specimens do not correspond well with any known form of Pipistrellus from Mexico 
or Central America. This is especially true in regard to Pipistrellus cinnamomeus Miller 
and Pipistrellus hesperus australis Miller. Under the circumstances, it seems best to with- 
hold specific identification until more specimens are available. The similarity of these in- 
dividuals to P. subflavus is so great that only the distance of the locality from the known 
geographic range of that species prevents me from referring them to it, asa new race. On 
the basis of size and darkness of pelage, they might be assigned to P. veraecrucis, but in 
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view of the fact that the teeth do not correspond to the type description of this form, it 
does not seem advisable. When more material becomes available, P. veraecrucis may prove 
to be a race connecting the typical subspecies of P. subflavus with an undescribed race in 
Honduras. 

The presence of embryos in these specimens contributes to the knowledge of reproductive 
activity of bats in Central America. All the embryos are quite large and well developed. 
The two taken from female number 55863 measure 32 mm. each in total length, and have 
wingspreads of 58 mm. and 61 mm. The facial vibrissae are well developed and hair is be- 
ginning to show through the skin of the head. As the date of capture was May 23, 1924, no 
doubt parturition would have occurred before June 1. 

I wish to thank Dr. W. H. Burt for permission to report these specimens.—GEorGE C, 
RinKER, Museum of Zoology, University of Michigan, Ann Arbor, Michigan. Received Jan- 
uary 26, 1948. 


PIPISTRELLUS CINNAMOMEUS REDISCOVERED 


On May 4, 1900, E. W. Nelson and E. A. Goldman captured a bat on the edge of the town 
of Montecristo, state of Tabasco, Mexico. This was subsequently named Pipistrellus 
cinnamomeum (G. 8. Miller, Proc. Acad. Nat. Sci., Philadelphia, May [September 3], 1902: 
390). Since no additional specimens seem to have been reported as taken in the ensuing 
years, the capture of three bats of this species in 1946 seems worthy of record. 

At our camp on the Rio Blanco, twenty kilometers west-northwest of Piedras Negras, 
Veracruz, my companion, Jerrardo Mazza, and I (Dalquest) were told that small bats oc- 
casionally visited a nearby house in great numbers. We requested the persons who lived 
in the house to try and capture some of the bats. On the morning of May 13, 1946, two bats 
were brought to us and we were told that on the previous night the bats had been swarming 
at the house, alighting on the thatch of one end-wall. The two bats brought into camp had 
been knocked down with a bamboo switch. 

I visited the house and found it to be of the ordinary kind, with roof and end-walls con- 
structed of thatch of the fronds of the ivory-nut palm. On the ground at the outside base 
of one end-wall there was a considerable quantity of fresh droppings of bats. We lifted 
the thatch, a layer at a time, but found no bats. Seemingly the thatch was used as a rest- 
ing place only at night. The early part of the next night was spent at this house, but no 
bats were seen, and we were told that the bats might not return again for several nights. 
Although the persons who lived in the house were asked to notify us immediately when the 
bats did return, they failed to call us. Nevertheless, when the bats next returned, on May 
29, one of them was knocked down for us with a bamboo switch. The species was not de- 
tected again. One of the bats taken on May 13 was a pregnant female, the other a male. 
The one taken on May 29 was lactating —WaLrer W. DaLquest anp E. Raymonp HALL, 
University of Kansas, Museum of Natural History, Lawrence, Kansas. Received September 
9, 1947. 


A RECORD OF RED BATS MATING 


Since there have been very few, if any, published observations of the red bat (Lasiurus 
borealis borealis) in the act of copulating, the following record, though incomplete, of a pair 
of these bats mating, is submitted. 

As dusk approached on the evening of August 20, 1947, while fly fishing on Swan Creek 
Pond in Allegan County, Michigan, I noted a bat or bats in the vicinity, flying out over the 
water. Little attention was paid as to the number of them. A short time later as darkness 
was rapidly closing in, a single bat, as it seemed, suddenly tumbled onto the bank of the 
pond no more than five feet away squeaking loudly. It first seemed possible that the ani- 
mal had struck at and been injured by the writer’s artificial fly, but no unusual jerk on the 
line had been noted. A flashlight was immediately directed at the source of the noise where 
a single bat was expected to be lying. Instead, there lay on the bank a red bat which ap- 
peared to have one or more of its kind attached toit. The first thought ventured was that 
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a female might have young clinging to her, but when the animals were turned over and ex- 
amined from all angles it was discovered that a male was clasped on the back of a female. 
Since this position undoubtedly had made it impossible for either to fly effectively, it seemed 
likely that the male had attached himself to the female in mid-air. 

Neither bat showed undue concern about the light or about being turned and moved on 
the ground. The male held his position by hooking the enlarged nail of the fore limb over 
the front edge of the female’s wing, with the posterior end of his body curved underneath 
the rear of hers. Both bats trembled with excitement as the male buried his head in the 
fur of the female’s neck and attempted sexual contact. The penis of the male was pro- 
truded, but complete sexual contact was not observed. 

An attempt was made to take the bats to the laboratory for photographing, a boot serv- 
ing as @ carrying cage, but unfortunately they separated when shaken out of the boot. 
They were no longer inclined to show interest in one another while in a cage at the labora- 
tory. Further examination showed, however, that the testes of the male were descended 
and the area immediately around the genitals of the female was soiled and wet. 

It was 8:21 p.m. when the bats were first observed on the ground; they had apparently 
remained in the mating position in the boot and separated when shaken out into a cage at 
8:39 p.mM.—FREDERICK W. StuEWER, Game Division, Department of Conservation, Lansing, 
Michigan. Received October 26, 1947. 


NOTES ON SOME BATS FROM NEBRASKA AND WYOMING 


During June and July of 1944, the writer was engaged as an assistant on a paleontological 
expedition to the badlands of northern Sioux County, Nebraska, and eastern Niobrara 
County, Wyoming. Working in the badlands provided many opportunities for becoming 
acquainted with the resident mammals, the most noteworthy of which were the bats. 

The badlands of this region are composed of a very soft, easily eroded sandstone. On 
the sides of the bare stone ridges and along the high, exposed stream banks there were often 
sheets of loose stone in the process of being sloughed off, due to the rapid weathering of the 
rock. These sheets were usually about two inches thick and often bulged out from the 
bedrock to form pockets up to two or three square feet in extent. On June 24, a solitary 
male Myotis s. subulatus was found in such a pocket, less than a square foot in extent, in 
Antelope Township, Sioux County, Nebraska. On July 12, a solitary female subulatus, 
containing one fetus, was found in a similar situation in Sugar Loaf Township, Sioux 
County, Nebraska. On July 16, a single female Myotis volans interior was found in a pocket 
on the bank of S-Bar Creek in Niobrara County, Wyoming. These three bats are now in 
the collection of the Cleveland Museum of Natural History. Four other bats were dis- 
covered in like situations in the same region, but these could not be captured, since they 
immediately took flight when their retreats were discovered. In some pockets, white- 
footed mice, Peromyscus maniculatus nebrascensis, were found, and in a great many others, 
there were feces of either mice or bats. 

The streamlets in the badlands, by lateral erosion, had often formed ledges and over- 
hanging banks. Because of the weakness of the rock, the overhanging banks frequently 
developed deep cracks parallel to their edges. In one crack, in Warbonnet Township, 
eight miles north of Harrison, Nebraska, a colony of about 180 Myotis volans interior was 
discovered. Of the several dozen of these bats examined closely, all were females. Four 
that were dissected contained a single fetus each. It seems probable that many of the 
others contained young also. When disturbed, the bats dropped or crawled from the crack 
and flew in all directions to sooner or later drop into other crevices in the surrounding bad- 
lands. The next day, none of the bats were seen in or about the crack from which they had 
originally been disturbed. Other animals that were commonly found in the badlands, 
using similar ledges and cracks for nesting and shelter, were: Peromyscus maniculatus 
nebrascensis, Neotoma cinerea rupicola, and the Rock Wren, Salpin:tes obsoletus. But for 
occasional cottonwoods, the badlands in which this colony of bats was located was prac- 
tically treeless. The nearest place where there were trees in any number was the Pine 
Ridge, south about three miles. Here were dense cottonwood groves along the canyon 
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bottoms and open pine woods on the ridges. That a colony of this species of bat should be 
found in a fissure in a relatively treeless area, seems especially interesting, since Miller 
and Allen (U.S. Nat. Mus., Bull. 144: 138, 1928), in commenting on the little known habits 
of Myotis volans, state: ‘‘It seems to frequent open forest, ranging in summer to an altitude 
of at least 11,000 feet in the Sierra Nevada. Apparently it is not social to any great degree 
and in general it seems to avoid caves.’’ So far as I have been able to ascertain, this bat 
has not been reported from Nebraska before, and this probably constitutes the first such 
record. Two bats from the colony were skinned and are now in the collection of the Cleve- 
land Museum of Natural History.—W. B. Quay, Kinsman Road, R.F .D. #8, Chagrin Falls, 
Ohio. Received January 6, 1948. 


EXTENSION OF RANGE OF TWO SPECIES OF BATS IN FLORIDA 


Records of bats from the portion of Florida south of Tampa Bay are rare. On April 13, 
1947, a specimen of the yellow bat (Dasypterus floridanus) was collected by the author one 
mile northeast of Punta Gorda, Charlotte County, Florida. A number of individuals were 
seen flying about over a mango and citrus grove at dusk. The former southernmost record 
of this bat is Seven Oaks, Pinellas County, Florida—about sixty airline miles northwest of 
Punta Gorda. 

One specimen of the evening bat (Nycticetus humeralis) was collected May 5, 1947, ten 
miles east of Punta Gorda. Individuals were numerous at dusk around pine groves in flat- 
woods. The two southernmost records of this bat are Indian Key, Pinellas County, Florida 
—about sixty miles northwest of Punta Gorda; and Kenansville, Osceola County, Florida— 
about eighty-five miles northeast of Punta Gorda. 

Both specimens are now in the collection of Dr. H. B. Sherman, Department of Biology, 
University of Florida, Gainesville. The cited former records were taken from Sherman 
(Proc. Fla. Acad. Sci., 1936)—O. E. Frye, Jr., Dept. of Biology, Univ. Fla., Gainesville, 
Fla. Received September 20, 1947. 


PORCUPINES IN SOUTHWESTERN ARIZONA 


Taylor (Univ. Ariz. Biol. Sci. Bull. 3: 29-31, 1935) mentions several instances in which 
individual porcupines have wandered far from their woodland habitat. An extreme ex- 
ample of this instinct would be a porcupine seen by Mr. Geno A. Amundson and the writer 
in the Castle Dome Mountains of the Kofa Game Range in Yuma County, Arizona, on July 
9, 1942. The animal was seen about 7:00 a.m., travelling along the ground in the vicinity 
of Bandy Tanks. These mountains, in one of the most uninhabited, arid, and hot sections 
of the desert southwest, support but a sparse cover of various xerophytic shrubs, cacti, 
and grasses, without a plant that could be called a tree. The closest approach to a tree 
would be the scrub oak, Quercus dumosa var. turbinella, which occurs sparingly. Airline 
distance to the nearest porcupine range (i.e., juniper-pinon woodland) would be about 120 
miles. Considering the sluggish habits of the species, this would seem quite a distance to 
travel! 

Since there are no records of the porcupine from the lower Colorado River, the following 
from the Bill Williams Delta, Havasu Lake National Wildlife Refuge, Yuma County, Ari- 
zona, are perhaps of interest: one seen December 20, 1943, two seen January 24, 1947, one 
seen February 4, 1947, and one seen November 24, 1947. Although in the hot Lower So- 
noran, this locality is only about thirty-five miles from the nearest juniper-pinon wood- 
land, and supports a considerable amount of cottonwood (Populus Fremontii) and willow 
(Salix nigra var. vallicola). The porcupine appears to be a more or less regular winter 
visitor in the area.—Ga.Le Monson, Fish and Wildlife Service, Parker, Arizona. Received 
December 23, 1947. 


THE NUTRIA IN OHIO 


What is apparently the first feral nutria (Myogaster coypus) from Ohio to be preserved 
is an adult male presented to the Ohio Wildlife Research Unit through the courtesy of the 
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Ohio Division of Conservation and Natural Resources. Dr. B. H. Talbut of Toledo pro- 
cured it from Mr. C. A. Bradford of Whitehouse, Lucas County, Ohio. This ordinarily 
aquatic animal was found eating corn with the pigs, in Mr. Bradford’s barn, when he killed 
it. Whitehouse is in northwest Ohio about twelve miles south of the Michigan state bound- 
ary and about seven miles from the Maumee River. The specimen, killed December 28, 
1946, had the following measurements: total length 955 mm., tail 335, hind foot 127, ear 16, 
testis 30 x 20. 

Reports have been received of nutrias being imported and released about ten years ago 
near Cleveland and a few Ohio fur farmers now keep nutrias both in pens and in small 
marshes. Mr. Merrill Gilfillan of the Ohio Division of Conservation and Natural Resources 
kindly wrote to Mr. Elmer Gemberling of near Kent, Portage County, Ohio, in this regard. 
Mr. Gemberling stated that a friend of his, about ten years ago, had imported several 
nutrias from South America and had penned them in a marsh in that northeastern county. 
These escaped, he said, during a flood and one was shot by a Mr. William Hill two years 
later in a pond a mile away. Definite records of importations into northwest Ohio, how- 
ever, are lacking. Dr. William H. Burt of the University of Michigan writes that he has 
received several sight record reports of nutrias in Michigan, but has secured no specimens 
to date—Grorce A. PerripEs AND Danie L. Legpy, Ohio Wildlife Research Unit, Ohio 
State University, Columbus 10, Ohio. Received September 27, 1947. 


SIGHT RECORDS OF DALL PORPOISES OFF THE 
CHANNEL ISLANDS, CALIFORNIA 


Records of the Dall porpoise (Phocoenoides dalli) in California waters are few, but indi- 
cate (Yocom. Jour. Mamm., 27: 367-68, 1946) that it may be a permanent resident near the 
Farallon Islands. The species has been recorded from near Santa Barbara Islands (see 
Benson and Groody, op. cit., 23: 41-42, 1942, for summary of records). In my experience, 
this porpoise is rare in the Channel Islands, but I have seen it on several occasions in sum- 
mer and it is pos ible that it is permanently resident there. The following extracts from 
my fishing log represent my observations. 

July 6, 1986.—While scouting for broadbill swordfish, I sighted a group of Dall por- 
poises about two miles off Pyramid Head, San Clemente Island. There were some twenty 
individuals in the school. For the most part these porpoises would just break the surface 
of the water. However, occasionally, one or two would leap clear out exposing the brilliant 
white marking below and behind the dorsal fin. Their length ran between five and six feet. 
These porpoises were traveling about six knots and their direction was northerly. 

June 27, 1939.—A group of about thirty was observed off East Point, Santa Rosa Island. 
These porpoises were moving toward the northwest up the Santa Cruz Channel. They were 
about five miles from the nearest land. Like the previous school, little interest was shown 
inthe boat. While it was easy to observe them they did not come close enough for effective 
picture taking. 

July 13, 1939.—A small school of ten or twelve was seen in the Anacapa Passage, between 
Santa Cruz and Anacapa Islands. These individuals were swimming very rapidly and 
were cutting back and forth through patches of bait fish such as anchovies and sauri. Also 
in this area were numerous schools of small tuna surfacing and feeding on the same bait.— 
B. L. Lustia, 948 Westchester Place, Los Angeles, California. Received October 20, 1947. 


THE FINBACK WHALE IN VIRGINIA WATERS 


A sixty foot specimen of the finback whale, Balaenoptera physalus (Linnaeus), was col- 
lected near the United States Naval Amphibious Base at Little Creek, Virginia, by members 
of the Atlantic Fleet Detachment based there on April 3, 1947. The whale entered the 
Chesapeake Bay from the Atlantic Ocean and found its way through the entrance channel 
to Little Creek harbor on May 2, 1947. This channel is approximately four hundred feet 
in width. After entering the entrance channel it turned and grounded at high water on a 
shoal. Small boats were unable to clear the whale. 
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Captain E. R. Sperry, Commanding Officer of the Amphibious Base at Little Creek, 
said: ‘‘prior to grounding the whale had not been injured by collision with a ship or other 
such happening. At the end of the second day, May 3, by which time it was completely 
exhausted from its endeavors to free itself, it was shot. The whale was towed from the 
Little Creek entrance channel up the Elizabeth River to the plant of the Norfolk Tallow . 
Company.”’ J. W. Field, of the Norfolk Tallow Company, stated: ‘“The whale measured 
sixty feet and weighed 42,310 pounds. In dissecting it we simply cut it up with knives and 
axes and used winches to convey the body into our plant, where it was manufactured into 
feeding material for animals, and the oil went into soap stock.” 

This is the second record for the finback whale in Virginia. The first was reported from 
Mobjack Bay, Gloucester County, in May, 1866, by Allen in 1869.—JoHn WENDELL Balr_ey, 
27 Willway Rd., Richmond 21, Va. Received July, 12 1947. 


MULE DEER RECORD FOR MINNESOTA 


During the hunting season of 1947, Leonard Nygren shot a deer near Pillager, Cass 
County, Minnesota. The deer, which weighed 153 pounds dressed, was disqualified in a 
sportsman’s contest because it was not considered a white-tailed deer, according to a news- 
paper report. The report was investigated and the animal in question was identified as a 
mule deer, Odocoileus hemionus. This extends the known range of this deer in Minnesota 
nearly 100 miles to the east. John Jarosz, Museum Preparator, and the writer went to 
Nygren’s place nine miles north of Pillager and measured and skinned the animal which is 
now specimen number 24.57 in the Minnesota Museum of Natural History collection. The 
total length of the animal was 72 inches, the ears were 10 inches, the metatarsal gland was 
7 inches long, and the tail hada black tip. The vertical tine of the antler was not dichoto- 
mously branched, although quite long. 

This is the first Minnesota record of a mule deer since 1941, when one was killed in Atlanta 
Township, Becker County, by a car. That specimen is number 1924 in the collections of 
the Minnesota Museum of Natural History. 

Swanson, Surber and Roberts in ‘‘Mammals of Minnesota’”’ (Minn. Dept. Conser., Tech. 
Bull. 2: 99, 1945) state, ‘“The mule deer was found originally in western Minnesota at least 
as far east as northeastern Marshall County and possibly further, because it is a wide rang- 
ing animal.’’—Harvey L. Gunperson, Minnesota Museum of Natural History, Univeristy 
of Minnesota, Minneapolis, Minnesota. Received January 18, 1948. 


SEPTEMBER BIRTH OF A MICHIGAN WHITE-TAILED DEER 


In the Grayling area of Michigan, most of the white-tailed deer (Odocoileus virginianus) 
fawns are born during the last week of May or the first two weeks of June. Each year, 
during deer hunting (rifle) season, which extends from November 15 to November 30, hunt- 
ers report seeing spotted fawns in the woods. These are assumed to be late fawns since 
those born in May and June loose their spots in October. 

The first authentic Michigan record for a September birth of a white-tailed deer was 
established September 13, 1947, when a male fawn was found by a motorist twelve miles 
east of Grayling. Several competent game men saw the fawn during the following two days, 
and all were of the opinion that it was two or three days old. This would place the date 
of birth at September 10 or 11. The fawn, first seen in the morning, was judged to be an 
orphan when it was still at the same location unattended that evening. It weighed six and 
one-fourth pounds when moved, September 15, to the Ogemaw State Game Refuge. Rec- 
ords from the Cusino Wildlife Experiment Station show the average weight of fawns at 
birth to be about seven pounds. 

In his book, ‘“The Mammals of Michigan,’’ Dr. William H. Burt, writing of the white- 
tailed deer, states: ‘“The rutting season . . . . reaches its height in November.’’ And also, 
‘The gestation period is 205 to 210 days.”” The time of mating was probably mid-February. 

Experiments conducted at the Cusino Wildlife Experiment Station showed that does 
which were not bred during their first period of heat (usually in November) had a second 
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period approximately thirty days later, and a third period following that, if not bred during 
the second period. It therefore seems probable that this fawn’s mother was not bred until 
she had come in heat the third or possibly the fourth time. 

Late fawns may be the result of the unbalanced sex ratio existing in the Grayling area 
which allows some does to go through more than one period of heat without being bred, or 
they may be the offspring of yearling does that occasionally come into breeding condition 
for the first time in midwinter.—Earut J. GorpinieR, Game Division, Michigan Dept. of 
Conservation. Received January 12, 1947. 


MOUNTAIN GOAT AGE RATIOS IN MONTANA 


From July 1 to September 1, 1947, 132 mountain goats (Oreamnos americanus) were ob- 
served in their typical range above timberline on the high peaks in Glacier National Park, 
Montana. As white animals against darker backgrounds, they could often be seen at con- 
siderable distances, with few if any .nimals of a group hidden. They occurred singly and 
in bands of up to nineteen which, when approached closely, were seen to include both sexes. 

In view of the limited data on reproduction in this species, notes were taken on the age 
ratio of this sample of the population. Though some of the animals may have been re- 
counted on several occasions, this factor should not greatly affect the results. Of the goats 
seen, thirty-nine were young of the year as evidenced by their small size. The adult-juve- 
nile ratio therefore was 93 :39, an apparently satisfactory condition.—GrorcE A. PETRIDEs, 
Ohio Cooperative Wildlife Research Unit, Ohio State University, Columbus 10, Ohio. Received 
October 9, 1947. 


ALBINO COTTON RATS 


Recently the Biological Surveys Collection of the U. 8. Fish and Wildlife Service re- 
ceived two juvenile male albino cotton rats (Sigmodon hispidus hispidus) from the Office 
of the U.S. Public Health Service at Thomasville, Georgia. Both specimens were collected 
by H. B. Morlan in Brooks County, Georgia, one on August 20 and the other on September 
16, 1947. Edwin V. Komarek, who obtained these specimens for us, stated that they are 
the first that he had ever seen. Dorr D. Green, Chief of the Division of Predator and Ro- 
dent Control, U. 8. Fish and Wildlife Service, states that these are the first records known 
to him.—Marsuauu C. Garpner, U. S. Fish and Wildlife Service, Washington 26, D. C. 
Received January 15, 1948. 


MICROTINE AQUATICS 


On a September afternoon, a class of zoology students on the look out for salamanders 
one mile north of Indiana, Pennsylvania, reached a little pool about twenty feet wide and 
forty feet long. Second growth woods was on one side and on the other was a scrubby 
growth along a railroad cut, definitely an unlikely place for Microtus. At the upper edge 
of the pool an old rotten log projected a few feet into the water. Two of the students ven- 
tured out on the log, the better to look for newts, but on reaching the end a sharp exclama- 
tion arrested the attention of everyone. 

A small mammal had leaped into the water and, swimming a few inches below the sur- 
face, was making for the shore about twelve feet distant. As it traveled under water it 
gleamed as though coated with quicksilver, like a diving beetle, from the film of air sur- 
rounding it. It moved not only with vigorous leg action, but with a rapid, jerking motion 
of the body as though trying to gallop beneath the water. After about an eight foot sub- 
mergence it came to the surface and swam toward shore, but, upon discovering the writer 
it lodged itself at the base of a two-inch willow where a few water plants grew. On being 
disturbed, it submerged and headed back toward the end of the log. Baffled by the humans, 
it hid in a small patch of grasses projecting from the water a couple of feet from the end of 
the log. Disturbed after a rest of a minute or two, it again set out under water for the first 
landing point about twelve feet away. About two feet from shore it came to the surface 
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and swam to its previous hiding place. Again it was given a short rest, then on being dis- 
turbed it set out on the underwater journey back to the log, coming up a couple of feet off 
the end and hiding in the grass patch. After a short rest it was once more punched out 
and again swam for the same point on shore, going most of the way, as before, below the 
surface. This time it gave indications of wanting to come to shore regardless, but finally 
took refuge beside the small willow. After another short rest it was stirred out and swam 
for a couple of feet on the surface; its fur showed signs of becoming wet. Then it sub- 
merged and came up under the end of the log. Here it made for the shore and was captured. 
The under-water swimming must have totalled better than fifty feet. 

This first swimmer had hardly been caught when another leaped from the end of the log 
and started swimming away. It circled after going about a yard, kept to the surface, and 
made for the end of the log where it promptly landed and was as promptly caught. Both 
specimens were Microtus pennsylvanicus. About one hundred feet or more away along a 
railroad cut was an occasional sparse growth of grass, but there was no microtine country 
within about a quarter of a mile. 

My other observation of the meadow mouse in water dates back to my boyhood when 
an occasional summer cloudburst would temporarily flood a little meadow in the Virginia 
mountains. Several times while wading in the shallower flood waters I encountered bedrag- 
gled meadow mice struggling in the water or clinging, wet and shivering, to a small bit of 
driftage. Once I recall collecting some five or six half-grown individuals that looked about 
done for. I carried them home in a tin can which was placed near a fire. I believe all re- 
vived as they became dry and warm and were then released outside. 

Blair (1939, Jour. Mamm., 20: 375) reported a Michigan meadow mouse in a swamp pool, 
swimming freely for about ten feet below the surface. Audubon and Bachman (1854, 
Quadrupeds of N. A.), in writing of Richardson’s meadow mouse, said that it could swim 
and dive well and that all meadow mice were capital swimmers.—THomas Smytu, Depart- 
ment of Biology, University of Florida, Gainesville. Received February 14, 1947. 


RED SQUIRREL NESTING ON THE GROUND 


On June 14, 1947, ten miles southeast of Mio, Oscoda County, Michigan, Josselyn Van 
Tyne and I discovered the nest of a red squirrel (T’amiasciurus hudsonicus) on the ground 
at the base of a small jack pine. Our attention was drawn to this nest by the sudden ap- 
pearance of an adult squirrel as my hands parted the sparse growth of blueberries at this 
point. It was not until after I had felt the resilience of the surface above the nest that I 
noticed a small entrance hole situated against the trunk. The nest was constructed of 
grass and was set snugly in an oval depression. It was overlain with a thin layer of oak 
leaves which covered the ground at this point. In the nest, there were four young about 
two-thirds adult size. The one young squirrel examined was covered with fur, but its eyes 
were closed and it offered no resistance to my handling. 

The terrain here is rolling, and the forest was burned some years ago. The land now 
bears a scattered growth of jack pine, averaging about fifteen feet in height, with a sprin- 
kling of scrubby black oak. Red squirrels are distributed rather generally throughout the 
area. Although tree nests have been seen, they are not numerous. This circumstance 
suggests the possibility that ground locations may be common nesting sites here. How- 
ever, this nest was so well concealed that others similar to it would seldom be found with- 
out careful search.—Haroup MayFiELp, 2557 Portsmouth Avenue, Toledo, Ohio. Received 
October 8, 1947. 


JACK RABBITS EXPERIENCE A POPULATION “HIGH” IN THE 
TRANS-PECOS REGION, TEXAS 


Observations, made May 7 to 9, 1947, indicate that jack rabbits (Lepus californicus ssp.) 
in the vicinity of northern Brewster County, Trans—Pecos region of Texas, are experiencing 
a “high’’ in population. Reports made by residents to Helmut K. Buechner indicate that 
the animals have been building up to the present maximum over the last four or five years. 
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On May 9, 1947, a quantitative check of population was made on certain highways in the 
vicinity. Dead jack rabbits occurred at the rate of 2.36 per mile in Brewster and Pecos 
counties, between Highways 90 and 290, on Highway 67. Farther east, in Pecos County, 
Texas (Highway 290), dead jack rabbits per mile occurred at the rate of 3.20. Still farther 
east on the same highway, jack rabbits were not nearly so numerous, occurring at the rate 
of only .46 dead animals per mile; and the same highway between Sonora, Sutton County, 
and Junction, Kimble County, showed but .06 jack rabbits per mile. 

All these localities were in the Ector Rough Stony soil group of the Edwards Plateau, 
except Highway 67 which at this point is merging toward the Basin and Mountain type of 
soils and vegetation. Note that between Sonora and Junction, fifty miles of highway, there 
were only .06 dead jack rabbits per mile. Here the vegetation is made up of live oaks and 
srasslands rather than mesquite and desert shrubs only. It is obvious that there are 
marked differences in the jack rabbit population even in different portions of the desert 
shrub type. When one leaves the strictly desert shrub and enters the live oak savannah, 
there is a still more striking difference. 

Thus, while the jack rabbit population is at a relative high in portions of Brewster 
County, Texas, and doubtless in other parts of the Trans—Pecos, this maximum population 
does not extend over more than a limited part of the area. Evidently the conditions which 
govern the fluctuation in numbers are different within a comparatively short range of 
country even where the soil and vegetation types are much the same.— WALTER P. Tay or, 
Texas Cooperative Wildlife Research Unit, College Station, Texas. Received August 12, 
1947. 


WHO TRIMS THE CREOSOTE BUSHES? 


Anyone who wanders widely over the southwestern American deserts may have noticed, 
especially in late summer and autumn, many creosote bushes (Larrea divaricata) showing 
evidence of trimming of several of the smaller green branches, particularly those near the 
ground. The branches cut are usually no larger in diameter than those of an ordinary lead 
pencil and the trimmings are seldom longer than eight or ten inches. Twenty or thirty 
branch ends may be severed from a single creosote bush so that there is a considerable lit- 
ter of leafy twigs underneath. In almost every case they are cleanly cut off at an angle, 
so smoothly that the cut almost has the appearance of having been made with the aid of a 
sharp jack-knife. Close examination will generally reveal! the marks of paired teeth, show- 
ing that the work has probably been done by rodents. The question is, which ones. The 
evidence is strong that most of it is done by black-tailed jack rabbits (Lepus californicus 
deserticola). One almost invariably finds quantities of fecal pellets of the hare below the 
site of trimming and the stems are bitten off no higher than the hare can reach while stand- 
ing on its haunches. Two of my correspondents tell me that they have actually seen jack 
rabbits biting off the twigs in late evening just before darkness. The fact that this cutting 
of creosote twigs is so common and that so few people have ever seen the work being done 
is certainly good evidence that it is done by nocturnally or crepuscularly active rodents. 
One wonders what is the purpose of this activity on the part of the hares and why it is that 
they almost invariably choose to work on Larrea. In the area there may be many other 
shrubs such as Lycium cooperi, Franseria dumosa, Krameria canescens and Hymenoclea 
salsola, but I have never, in twenty-five years of observation of this phenomenon, found 
similar trimming of these shrubs. 

In September, 1945, while walking along a half mile of a lonely abandoned miners’ road 
on the southern Mohave Desert, I counted over fifty creosote bushes which had been re- 
cently trimmed in this manner. In some cases there was an almost complete circle of dried 
or half dried leafy twigs around the perimeter of the bushes. The only explanation I have 
to offer is that the hares do this work to sharpen their teeth. There is always the possi- 
bility that small sections of the stems are eaten. I sent pellets gathered from beneath 
trimmed creosote bushes to Dr. Tracy I. Storer, University of California, but he was unable 
to determine the presence of Larrea in them because the vegetable components were so 
finely comminuted. 
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For a time I was convinced that rabbits or hares were responsible for all the trimming, 
but a number of times recently I have found bushes from which twigs were removed at 
points higher than any hare could reach. In two instances I have traced this high trim- 
ming to the activity of woodrats (Neotoma) which had built up collections of stones and 
sticks as well as creosote twig ends about the entrance to their underground abodes.— 
Epmunp C. JAEGER, Riverside, Calif. Received September 26, 1947. 


A CHEST FOR DERMESTID CLEANING OF SKULLS 


Having read with much interest Russell’s report (Jour. Mamm., 28: 284-87, 1947) on 
management of dermestid beetles for skull cleaning, it seems that the design of a “‘bug box”’ 
which we have operated for some time may be of interest to other mammalogists. 

This chest, designed and built several years ago after a visit to the ‘‘bug room”’ of the 
Museum of Vertebrate Zoology, described by Hall and Russell (op. cit., 14; 372-74, 1933), 
was our attempt to provide dermestid skull-cleaning facilities for a department in which 
the capacity of a special room is not needed, and the expense is not justified. 

Russell says (loc. cit.: 286), ‘‘A box 36” x 24” will accommodate a large colony.’’ By co- 
incidence, these are the precise horizontal dimensions of our box, the capacity of which 
has proven more than ample for our needs. It is eighteen inches in depth. Constructed 
of 22-gauge galvanized sheet iron, it has a close-fitting, hinged lid with hasp and staple 
for locking. The lid extends down one inch over the top edge of the box. The top edge, 
inside, carries an inturned flange one inch in width, covered with a one-inch strip of sponge 
rubber. Thus is provided a bug-tight outer cover. 

Within the box, three inches below the top edge, is a horizontal metal partition and lid, 
the equivalent of a double entrance door to a bug room. The major portion of this parti- 
tion, however, is a lift door, or lid, 1 ft. 9 4 in. x2 ft.9in., covering a central opening in 
the partition about two inches smailer in each dimension. In other words, the partition, 
exclusive of this lid, is only a horizontal rim of galvanized iron extending around the wall 
of the chest fifteen inches above the bottom. This lid is hinged by one edge to the rim at 
the back and held down flat by turn button clamps at the front edge. It overlaps about 
one inch and rests on a one-inch strip of sponge rubber as does the outer cover. In the 
center of this large lid is another, smaller opening, covered by another hinged lid 9%4 in. 
x 131% in., with 5% in. overlap, cushioning strip of sponge rubber, and turn button clamps. 
This smaller lid consists entirely of brass gauze save for the necessary supporting frame of 
solid metal 34 in. wide. Thus, in the interest of keeping the dermestids confined, there is 
provided a smaller entrance into the box; one which it was thought would be desirable for 
use when the larger opening was not required. After experience with this box, the small 
opening is not considered essential. The inner partition does provide against any of the 
insects lying immediately under the outer cover, whence they might readily escape as the 
box is opened. 

In each end-wall of the chest, above the horizontal partition, is a 214 in. x 20 in. opening 
in the galvanized iron, over which is soldered a covering of fine brass gauze. These gauze- 
covered openings in the ends, above the partition, and the gauze inner lid in the center of 
the partition provide sufficient ventilation without much light penetration. The box is 
most likely to be kept in some dark corner, in any case. The bugs work better with addi- 
tional coveriags of cotton, cloth, or tissue paper, even in relative darkness. Hence the 
light penetration is not serious. 

Without the careful experimental technique described by Russell, we have had increas- 
ingly good results with our venture as the bugs have become better established, and as we 
have learned by slowly won experience some of the things he emphasizes. It does not at 
this time appear probable that we shall have to follow the roasted sheep tongue method of 
feeding to keep a sufficient supply of bugs for our needs. So far we have done quite well 
on a rather haphazard schedule—just trying to see that they never starve out. The mat- 
ter of temperature in our climate gives us no concern save to see to it that the box is not 
exposed to extreme heat. Year in and year out it stands in a corner of a laboratory which 
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is not air-cooled in summer and which does not have the coolness of a basement room or 
even of a first floor location. The temperature range is between about 70° to 85-90° F. 
We can doubtless improve the speed of our process somewhat by heeding suggestions in the 
two papers referred to. Results, however, are excellent as we now operate. 

Another item of different character deserves mention; it concerns the species of dermestid 
used. The Museum of Vertebrate Zoology uses Dermestes vulpinus. Our work was started 
with whatever dermestids came handy and at least two quite different kinds, possibly more, 
have been introduced. Without having made specific determinations, it is believed that 
D. vulpinus, or a species of that size and general appearance, was introduced at least once. 
Possibly also an even larger species was once introduced. The dominant dermestid in our 
bug chest now is a species of Anthrenus, apparently A. varius. It is of similar appearance, 
but slightly smaller than its too-well-known relative, the carpet beetle, or buffalo moth, 
Anthrenus scrophulariae. The latter may also have been introduced. 

As we reflect upon our experience and results in conjunction with those of the M.V.Z. 
workers, we are inclined to believe that, for our operations, which are limited in quantity 
and confined mostly to the smaller skulls, our smaller dermestids may be preferable. The 
smallest and most delicate skulls that we have had cleaned by our bugs, such as those of 
small bats of the genus Myotis, have remained for weeks in the bug chest without harm and 
the cleaning job has been absolutely perfect. Many such skulls are perfect without the 
ammonia treatment recommended by Hall and Russell (loc. cit.). In fact, to date we have 
not used the ammonia follow-up though in some instances it would be advantageous, but 
we shall use it hereafter when desirable-—Cuar.es T. Voruies, Department of Entomology 
and Economic Zoology, University of Arizona, Tucson, Arizona. Received October 23, 1947. 


DEEP FREEZER FOR PRESERVING SPECIMENS 


The collector of small mammals often finds it inconvenient to prepare all of the skins at 
the same time. A great help in overcoming this situation is the deep freezer that is finding 
its way into more and more homes. With very little trouble, specimens can be frozen until 
wanted. I have had a Microtus p. pennsylvanicus in the freezer seven days and a Peromys- 
cus m. maniculatus fourteen days before skinning. Both of these specimens skinned out 
very easily; the feet and tail were not dry. The longest period for which any specimen 
was frozen was twenty-one days. There are few cases where specimens would need to be 
frozen for longer than a month, but they could be kept in a frozen state almost indefinitely. 
In preparing the specimens for the freezer, I use a cellophane bag that is manufactured for 
freezer use. The topof the bag is sealed witha hotiron. The bag keeps the specimen from 
drying out if it is to be left in the freezer for more than a few days. A label is also placed 
inside the bag for identification. I also found that if mammals starting to spoil are frozen 
for one to two days and then skinned the odor is hardly noticed. When a specimen is 
wanted, it is put in room temperature for afew hours. As soon as the outside layer of flesh 
is unfrozen the specimen is ready to be skinned. Specimens cannot be re-frozen without 
great danger of spoilage.—DonaLp H. DeMeru es, 2216 Thomas Ave., North Minneapolis 
11, Minn. Received September 2, 1947. 
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REVIEWS 


Bailey, John Wendell. THe Mammats or Vircinia. Privately published. Williams 
Printing Co., Richmond. Pp. xvi + 416, 96 figs. 1946. Price, $5.00. 

This volume is the result of fourteen years intermittent study of the mammals of Vir- 
ginia while the author was teaching at the University of Richmond. Eighteen chapters 
record mammalian characteristics, the history of Virginia mammalogy, geologic history of 
mammals, fossil mammals of the States, habits of modern mammals, economics, conserva- 
tion, classification, identification, type localities, a classified list, an account of the recent 
land mammals of Virginia, gestation period of certain mammals, a bibliography, and index. 
A notable feature of the volume is its redundancy; the material in chapters 11 to 13, is 
repeated in Chapter 15. 

Much extraneous matter is interpolated in the pages of this book. Why a resumé of 
game bird propagation, a listing of whites and negroes by counties, and short but irrelevant 
quotations, occupying the larger part of several pages, are inserted is difficult to understand. 
The imposing list of 768 titles in the bibliography are by no means all quoted. Moreover, 
many which are relevant to the subject have apparently not been digested, otherwise the 
numerous errors would obviously not have occurred. Titles are recorded through 1944, 
yet only 7 per cent are listed from 1936 until the manuscript was completed. The past 
decade has provided a wealth of material on the habits of mammals; many papers which 
have appeared are far more pertinent to the subject matter than those which are quoted. 

One reads that the number of teeth are always constant in each species. Those who 
have studied carnivores will not agree with this statement. While Hartman’s publications 
on Didelphis are listed in the bibliography, the statement is made that the opossum places 
her newborn young in the pouch. A number of species are listed which have not been 
recorded from the state. Problematical forms might preferably be treated in an appendix, 
with the nearest known locality and a brief description of the species. A great deal is 
presumed re the habits of mammals. As an example, Bailey reports (p. 107) the nests of 
Blarina and Microtus very similar, yet the initiated will recognize at a glance the marked 
difference. Since the habits of the various subspecies are repeated, oftentimes in almost 
identical words, it would have been desirable to group the subspecies under the species, 
relating any minor subspecific differences in habits that might be known. Much was known 
on the breeding habits of bats, particularly Myotis, when this volume was in preparation, 
but the author dismisses this knowledge with the statement that such exact information 
is not known. One must question whether Myotis and Pipistrellus carry the young with 
them for ten days or two weeks following birth. Lasiurus rather than Nycteris is currently 
accepted as the generic name of the red and hoary bat. The oft repeated statement is 
made that the raccoon washes its food before eating whenever possible. Captive specimens 
will dunk bread in water, but probably only to soften such food; the wild animal seldom 
washes its food. Indeed, the nature of the food often prohibits this. It is stated (p. 138) 
that the fisher mates in February and March, the young being born in May. It has been 
established for some time that mating follows partus by a week or ten days. Much of the 
habits of the species treated are apparently gleaned from Goodwin’s ‘“‘“Mammals of Con- 
necticut.’”? Had Bailey examined study skins or fresh material he would not have made 
some of these errors. The black tail tip of the New York weasel is never one-half the length 
of the tail, nor does the least weasel normally possess a black tail tip. Pages 160-170 are 
devoted to the breeds and habits of the domestic dog and cat. Habits of the two subspecies 
of Tamias are not so dissimilar as indicated, and might well have been lumped together. 
The young of the red squirrel are said to be born in May or June, the mother caring for 
them until late summer or early fall. It is well known that two litters are the rule and the 
young shift for themselves shortly after leaving the natal nest. While Sollberger’s account 
of the flying squirrel is listed in the bibliography, Bailey implies that the number of litters 
is still unsettled. The field mouse, Microtus p. pennsylvanicus is credited as beneficial 
through destruction of insects and soil turnover, but no mention is made of its extensive 
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damage to fruit trees. This damage, rather, is credited to M. p. nigricans, which occupies 
a limited area in the coastal plain region. If the muskrat “in preparation for winter. . . 
store up roots and vegetable matter,’’ then Dr. Bailey should enlarge on these observations 
and record them more fully elsewhere. Rattus and Mus are stated to have a gestation of 
twenty-five days (p. 256 and 259). In Rattus the gestation of primipara females varies 
from 21-23 days; it may be lengthened a week or more in pregnant females which are suck- 
ling young. Whether the fisher is the only wild animal which can handle the porcupine 
(p. 269) is debatable. Bailey states that there is no authentic record of the varying hare 
for Virginia, yet it has been taken in Highland County. Ten pages are devoted to the 
bison, which was last recorded as a Virginia native in 1797. Eighteen pages are accorded 
cattle, horse,and mules. To the latter, the author has coined the trinomial Equus caballus 
assinus, a name which, I hope, will not gain wide usage. 

The arrangement of the recent mammals in this work is stated to be based on Miller’s 
1923 check list, but Bailey has taken liberties, giving man the exalted position at the ‘‘top 
of the list.”” The book closes with a list of publications by the author and those in manu- 
script or preparation. The latter include a proposed report on the amphibians and one 
on the reptiles of Virginia. It is hoped that Dr. Bailey will send the completed manuscripts 
to some capable herpetologist for final reading. Such apparent errors in nomenclature 
as appear on page 229 of the present work (timber rattlesnake= Crotalus atror) and the 
palpable mistakes which are so frequent in this volume will thus be minimized. 

A short autobiography on the jacket includes educational attainments and war record, 
summarized by a list of citations and awards. The author is pictured on the frontispiece. 
—W. J. Hamitron, Jr. 


Handley, Charles O., Jr. and Clyde P. Patton. Wiip ANIMALs oF VirGINIA. Common- 
wealth of Virginia, Commission of Game and Inland Fisheries, Richmond. Pp. vi + 220, 
figs. 103, including numerous maps. 1947. Price, $3.50. 

This is a small volume, a contribution of the Virginia Cooperative Wildlife Research 
Unit: The Commission of Game and Inland Fisheries, the Virginia Polytechnic Institute, 
the Wildlife Management Institute, and the United States Fish and Wildlife Service. 

Following a short introduction, a section is devoted to methods of studying the state 
mammals, then follow discussions of game mammals, furbearers, rodents, insectivorous 
mammals, marine mammals and vanished mammals. Late records of the recently extinct 
species are well documented. Many readers will be astonished to learn that the elk, re- 
stocked in Virginia in 1917 and again in 1935, eventually became a nuisance to farm crops 
necessitating a strict reduction in the herd. In 1944, a four day open season resulted in the 
killing of more than sixty animals. Virginia may have the distinction of being the only 
eastern state in which the elk is a game animal, but the farmer-sportsman relation may 
suffer. The practice of reintroducing big game species into the agricultural states of the 
east is questionable. 

The natural regions of the state are mapped and mammals characteristic of these areas 
are listed. A check list of the Virginia wild mamals includes 109 species and subspecies, 
some now extinct and others known only from contiguous states. A short key takes the 
mammals to their respective orders. The remainder of the book (pp. 99-206) contains a 
systematic account of the various species, including the scientific and common name, type 
locality, distinguishing characters and measurements, the general range, and its distri- 
bution in Virginia. For each mammal there is an outline map indicating the counties 
from which the species has been recorded. An adequate bibliography and a suitable index 
complete the volume. Since the authors do not speculate on the habits of mammals, but 
accept the writings of recent investigators and their own field observations, there are 
notably few errors. Like others in the past, they venture the opinion (p. 59) that the 
pine mouse, trespassing the subterranean tunnels of the mole, accounts for the principal 
damage to vegetation. Such has not yet been demonstrated; we know that the large 
Scapanus of the western states may do extensive damage to bulbous plants. Perhaps 
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our eastern Scalopus is not without blame! The decline of the marten and fisher is attrib- 
uted to their long gestation period (p. 86). This belief has been held by many authors. 
In reality, regardless of the length of the gestation period, the killing of a female of a mo- 
noestrous species represents the loss of a potential litter the following summer. The blue 
whale, mightiest of all beasts, is credited with subsisting on the smallest items of food 
consumed by any mammal (p. 64). I doubt if the krill, however small, can approximate 
the tiny insects eaten by some bats and shrews. 

The present volume should stimulate the young naturalist and will certainly act as a 
foundation for future work. It would be desirable, in future printings, to add a short 
account of the habits of the better known species.—W. J. Hami.ron, Jr. 


Skinner, Morris F. and Ove C. Kaisen. Tuer Foss Bison oF ALASKA AND PRELIMINARY 
REVISION OF THE GENUS. Bull. Amer. Mus. Nat. Hist., Vol. 89, art. 3, pp. 127-256, 25 
tables, 5 figs., pls. 8-26, 3 maps. Oct. 31, 1947. 

This important contribution is one of the few attempts which have been made to bring 
order out of chaos in one of the large groups of Pleistocene and Recent Holarctic Mammals. 
The study represents much careful and detailed work on the part of the authors during a 
number of years. The study began as a report on the remarkable series of extinct Bison 
remains collected by the Frick Laboratory, the American Museum of Natural History, 
and the Alaska University, in the vicinity of Fairbanks, Alaska. This report grew, through 
the years, to monographic proportions to include the consideration of thirty-two named 
American and thirty-three named Eurasian species and subspecies of Bison. 

In addition to the bringing together and reassemblage of the extensive literature on 
Bison, the work involved a careful study of hundreds of specimens, including types, 
in North America. There is a complete synonymy and list of references. A chapter 
devoted to methods explains all terms used, gives definitions of horn-core indices, shows 
comparative views and scales used in the text, and explains, with illustrations, cranial 
measurements employed. They present a simple standard for measurements and for 
illustrations which will simplify the interpretations of Bison crania. A system of wear 
classification for the teeth of Bison is included and is illustruted by six plates containing 
ninety figures. 

They found that male horn-cores and skulls are diagnostic of the different species and 
subspecies. Specimens of female Bison are so poorly represented that they could not be 
used, with certainty, in much of the study. 

The authors have been very conservative in their interpretations. They recognize 
six subgenera of Bison, based on the study of crania and horn-cores. Three of the sub- 
genera, Platycerobison, Gigantobison and Parabison, are introduced as new terms. ‘Four 
of these subgenera (Bison, Simobison, Superbison and Platycerobison) were common to 
both the Western and Eastern Hemispheres, one (Gigantobison) apparently was confined 
to North America alone, and one (Parabison) to Eurasia.’’ Ten of the thirty-two pre- 
viously named species and subspecies of Bison from North America are recognized as valid 
and two new species are named. The twelve recognized kinds are: Bison (Bison) bison 
bison (Linnaeus); B. (B.) b. athabascae Rhoads; B. (B.) occidentalis Lucas; B. (B.) pre- 
occidentalis Skinner and Kaisen, known only from late Pleistocene deposits near Fairbanks 
and Kotzebue Sound, Alaska; Bison (Simobison) antiquus antiquus Leidy; B. (S.) a. figginst 
(Hay and Cook); B. (S.) alleni Marsh; Bison (Superbison) crassicornis (Richardson); 
Bison (Platycerobison) chaneyi (Cook); B. (P.) geisti Skinner and Kaisen, known only 
from the late Pleistocene deposits near Fairbanks, Alaska, and northern Canada; B. (P.) 
alaskensis (Rhoads); and Bison (Gigantobison) latifrons (Harlan). 

Thirteen of the thirty-three previously named species and subspecies of Bison from 
Eurasia are recognized as valid and one new subspecies is named. They are as follows: 
B. (Bison) bonasus (Linnaeus) ; B. (B.) occidentalis primitivus (Hilzheimer) ; B. (Subgenus?) 
sivalensis Lydekker; B. (Subgenus?) palaeosinensis Chardin and Piveteau; B. (Parabison) 
ez[i]guus exiguus (Matsumoto); B. (P.) exiguus curvicornis (Matsumoto); B. (P.) exiguus 
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(?) harbinensis Skinner and Kaisen, ‘‘holotype Bison species a, Tokunaga and Naora, 1934, 
from Ho-chia-kou, 5 kilometers southwest of Harbin, Manchoukuo; reported as middle 
Pleistocene;”’ B. (P. ?) schoetensacki schoetensacki (Freudenberg); B. (P. ?) s. mediator 
(Hilzheimer); B. (P.) s.(?) maior (Hilzheimer); B. (Simobison) cesaris (Schlotheim); B. 
(S.) priscus (Bojanus); B. (Superbison) crassicornis (Richardson); and B. (Platycerobison) 
pallasii (Baer). 

A list of invalid Bison names is included. 

No attempt is made to assign the Bison remains of North America to glacial or inter- 
glacial stages because of the poorly known Pleistocene stratigraphy of the continent. 
Bison chaneyi (Cook), one of the ‘‘flat-horned bisons’’ is considered as the oldest Bison 
in North America, having been taken presumably from early Pleistocene deposits. Early 
Pleistocene is defined (p. 132) as ‘‘from the close of Pliocene to the close of the Aftonian.” 
Bison latifrons (Harlan) is considered as having been taken from middle Pleistocene and 
Bison alleni (Marsh) from middle to late Pleistocene deposits. Middle Pleistocene is 
defined as the ‘“‘close of the Aftonian to the middle of the Illinoian.’’ This is certainly in 
keeping with what is known of the Pleistocene deposits from which these forms were taken. 

Bison preoccidentalis is considered the progenitor of occidentalis, which in turn is the 
progenitor of B. b. athabascae and B. b. bison. It seems that we have here a series of speci- 
mens that shows both vertical and horizontal subspeciation. Bison alleni is considered 
as the probable progenitor of Bison antiquus. Evidence for this is based upon retrogressive 
horn-core growth as observed in the above subgenus Bison. It is best to quote directly 
from the authors, ‘“‘Evidence suggests that the descendants of alleni were subjected to the 
same process of retrogressive horn-core growth observed in the line of retrogression in B. 
(Bison) preoccidentalis, B. (B.) occidentalis and B. (B.) bison (pl. 14). In the case of alleni 
the descendants appear to be the species B. (Simobison) antiquus which has many of the 
retrogressed attributes of alleni (compare pls. 15, 16)” 

Conclusions are given both in German and French. 

The authors should be congratulated upon their excellent work, and Mr. Childs Frick 
should be highly commended for his great interest in Vertebrate Paleontology which has 
made this publication possible—CLaupge W. HrisBarp. 


Gates, R. Ruggles. Human ANCESTRY FROM A GENETICAL PorInT oF VIEW. Cam- 
bridge. Harvard University Press. xvi + 422 pp., illustr. January 26, 1948. Price, 
$7.50. 

In this interesting and somewhat thought-provoking book, Professor Gates has assembled 
and re-interpreted the scattered information on fossil primates. The mammalogist who is 
not primarily interested in primates will probably confine his reading to Chapters 2, 11, 
and 12. Chapter 2, Principle of Parallel Evolution, contains evidence from various groups 
of animals to demonstrate a principle which Gates stresses throughout the book—parallel 
evolution and parallel mutations. To quote (p. 18): ‘‘A real difficulty in the construction 
of phylogenetic ‘trees’ is that the diverging branches and twigs of a tree inadequately 
represent what takes place in the evolution of any group or phylum of organisms. They 
represent the divergent variations, but take no account of the equally numerous parallel 
mutations.’? With this, the reviewer heartily agrees. In discussing the lower categories 
in the classification of animals, he stresses the time element. On page 21 he says: “‘The 
genera will thus be determined on a time basis and the species will be classified on the basis 
of their spatial distribution. Thus in the paleontological record a species belonging to 
one genus often passes directly into a species of another genus (but belonging to the same 
lineage), whereas the branching of one twig or lineage may result in the production of 
several contemporaneous species of the same genus.”’ 

Chapter 3, Evolution of the Mammals, might better have been titled Lvolution of the 
Primates—that is what it is. In Chapter 11, Some Principles of Speciation in Primates, 
he argues against using the sterility factor in distinguishing species. He re-states his 
view (p. 366) that ‘‘the main primary ‘races’ of mankind should be recognized as species.” 
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Further, he says that ‘“The evidence is clear, however, that the primary so-called races of 
living man have arisen independently from different ancestral species in different con- 
tinents at different times.’’ This differs radically from an interpretation by Hall (Jour. 
Mamm., 27: 358-64). 

Chapter 12, Paleontology, Speciation, and Sterility, is pretty much a crystalization of the 
main theme of the book—sterility is of little or no value in the designation of ‘‘species,” 
instead, they ‘‘...should be founded primarily on morphological differences.”’ (p. 393, 
footnote). This chapter contains a critical discussion of the problem of speciation. Some 
may not agree with Gates on all points, but whether they agree or disagree, they will per- 
force be stimulated by his provocative argument.—W. H. Burr. 


RECENT LITERATURE 


(Conducted by Gerrit 8. Miller, Jr., Remington Kellogg, and Emma M. Charters) 


[Reprints of this section may be purchased from the Corresponding Secretary] 


Acactno, E. Morares. Algunos datos y observaciones sobre mamiferos marroquies. 
Bol. Real Soc. Espafiola Hist. Nat., Madrid, vol. 41, nos. 1-2, pp. 37-47, figs. 2. 
April 20, 1943. (New: Crocidura foucauldi.) 

Auuison, A.C. The structure of the stomach of the South African aardvark, Orycteropus 
afer. South African Jour. Sci., Johannesburg, vol. 43, pp. 204-9, figs. 3. July, 
1947. 

ANNABEL, RussELL. Wild animals learn the hard way. Sports Afield, Mt. Morris, vol. 
118, no. 1, pp. 22-23, 88-95, illus. July, 1947. 

Anonymous. Zoological jackpot. Fauna, Philadelphia, vol. 9, no. 1, p. 31, illus. March, 
1947. (Pacarana.) 

———— The history of our two rats species. Rodent Mail, London, vol. 3, no. 3, pp. 
30-31. May, 1947. (Rattus norvegicus, Rattus rattus.) 

SS The wildlife news roundup. Wyoming Wild Life, Cheyenne, vol. 11, no. 5, pp. 
28-31, illus. May, 1947. 

~— — N. D. big game aerial survey complete. North Dakota Outdoors, Bismarck, 
vol. 9, no. 12, p. 5. June, 1947. 

= What happened to America’s camels? Science Illustrated, Louisville, vol. 2, 
no. 7, pp. 48-49, illus. July, 1947. 
1946 was record game year. Wyoming Wild Life, Cheyenne, vol. 11, no. 8, pp. 
4-18, illus. August, 1947. 

AspELL, 8. A. Patterns of mammalian reproduction. Comstock Publ. Co., New York, 
pp. 437, pls. 12. 1946. 

AsHLEY, Frep W., and Jack L. Houcnuton. Meatless mealsfor mink. Amer. Fur Breeder, 
Duluth, vol. 19, no. 11, pp. 43-44. May, 1947. 

AsuLey-Montacu, M. F. Knowledge of the ape in antiquity. Isis, Bruges, vol. 32 (for 
1940), no. 1, pp. 87-102, fig. 1. January, 1947. 

Astre, Gaston. Le plus forte taille de l’isard. Mammalia, Paris, vol. 10, nos. 1-2, pp. 
55-60. March-June, 1947. 

Baker, Frepertck M. Black grizzly—he maketh me for scare. Rod and Gun in Canada, 
Montreal, vol. 49, no. 2, pp. 13-14, 44, 47, illus. July, 1947. 

Barcer, N. R. Little brown bat (Myotis lucifugus lucifugus). Wisconsin Conserv. Bull., 
Madison, vol. 12, no. 6, pp. 27-28, illus. June, 1947. 

Bassert, CHaRLes F., and Leonarp M. LiueEwetiyn. Effect of increased or decreased 
length of daylight on pelt primeness of growing foxes. Fur of Canada,Winnipeg, 
vol. 12, no. 11, pp. 21-26. August, 1947. 

Becker, Epwin J. Nomads of the North. Rod and Gun in Canada, Montreal, vol. 49, 
no. 2, pp. 15-16, 43, 49, illus. July, 1947. (Caribou). 
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Benson, Setu B. Description of a mastifi bat (genus Zumops) from Sonora, Mexico. 
Proc. Biol. Soc. Washington, vol. 60, pp. 133-34. December 31, 1947. (New: 
Eumops sonoriensis). 

BevuLe, Joun D. Pennsylvania’s cottontail problem. Pennsylvania Game News, Harris- 
burg, vol. 18, no. 2, pp. 10-13, 34-37, illus. May, 1947. 

BeverR, WENDELL. Status of South Dakota antelope. South Dakota Conserv. Digest, 
Pierre, vol. 14, no. 8, pp. 10, 13-14, illus. August, 1947. 

BIGALKE, R. The status of the black wildebeest Connochaetes gnou (Zimm.) in the Union 
of South Africa. South African Jour. Sci., Johannesburg, vol. 43, pp. 213-20, 
fig. 1. July, 1947. 

—— The adulteration of the fauna and flora of our National Parks. South African 
Jour. Sci., Johannesburg, vol. 43, pp. 221-25. July, 1947. 
BisHop,Geo.C. Combating distemper in Prince Edward Island. Nat. Fur News, Denver, 
vol. 19, no. 6, pp. 14, 30-31, illus. July,1947. (Also in Fur of Canada, Winnipeg, 
vol. 12, no. 10, pp. 38-39. July, 1947.) 
Buiarn, W. Frank. An analysis of certain genetic variations in pelage color of the Chi- 
huahua deer-mouse (Peromyscus maniculatus blandus). Contrib. Lab. Vert. 
Biol. Univ. Michigan, Ann Arbor, no. 35, pp. 1-18, fig. 1 (folding chart). May, 
1947. 
——— Estimated frequencies of the buff and gray genes (G, y) in adjacent populations 
of deer-mice (Peromyscus maniculatus blandus) living on soils of different colors. 
Contrib. Lab. Vert. Biol. Univ. Michigan, Ann Arbor, no. 36, pp. 1-16, map. 
May, 1947. 
———— Variation in shade of pelage of local populations of the cactus-mouse (Peromyscus 
eremicus) in the Tularosa Basin and adjacent areas of southern New Mexico. 
Contrib. Lab. Vert. Biol. Univ. Michigan, Ann Arbor, no. 37, pp. 1-7, map. 
May, 1947. 
———— The occurrence of buff and gray pelage in widely separated geographic races 
of the deer mouse (Peromyscus maniculatus). Contrib. Lab. Vert. Biol. Univ. 
Michigan, Ann Arbor, no. 38, pp. 1-13. May, 1947. 
Boorn, Ernest S. A new chipmunk from Washington State. Murrelet, Seattle, vol. 
28, no. 1, pp. 7-8. April 30, 1947. (New: Eutamias amoenus albiventris). 
Bower, V. A. Unusual birth of captive elk. Rod and Gun in Canada, Montreal, vol. 49, 
no. 2, p. 12, illus. July, 1947. 
Bowman, Jack. Pumas. Texas Game and Fish, Austin, vol. 5, no. 6, pp. 10, 23, illus. 
May, 1947. 
Bowness, E. RenpLE. Some observations on fur animal nutrition. Fur of Canada, 
Winnipeg, vol. 12, no. 11, pp. 3-4. August, 1947. 
Brapt,G.W. Mink—jack of all trades. Michigan Conservation, Lansing, vol. 16, no. 4, 
pp. 4-5, illus. May, 1947. 
———— Weasel—Nemesis of nature’s little people. Michigan Conservation, Lansing, 
vol. 16, no. 5, pp. 4-5, illus. June, 1947. 
——— Badger—living steam shovel. Michigan Conservation, Lansing, vol. 16, no. 6, 
pp. 4-5, illus. July, 1947. 
———— Wolverine, marten, fisher. Michigan Conservation, Lansing, vol. 16, no. 7, 
pp. 4-5, illus. August, 1947. 
BRENNAN, JaMEs M. New species of chiggers (Acarina, Trombiculidae) from bats of the 
Nearctic region. Jour. Parasitol., Lancaster, vol. 33, no. 3, pp. 245-52. June, 
1947. 
Broom, R. Some new and some rare golden moles. Ann. Transvaal Mus., Cambridge, 
vol. 20, pt. 4, pp. 329-35, figs. 3. October 18,1946. (New: Chrysochloris dizont, 
C. elegans, C. shortridgei.) 

-—— A female orang skull which shows what appear to be imperfectly formed ad- 
ditional anterior premolars. Ann. Transvaal Mus., Cambridge, vol 20, pt. 4, 
pp. 341-42, fig. 1. October 18, 1946. 
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Notes on a late gorilla foetus. Ann. Transvaal Mus., Cambridge, vol. 20, pt. 4, 
pp. 347-50, fig. 1, pl. 18. October 18, 1946. 

———— The upper milk molars of the ape-man, Plesianthropus. Nature, London, vol. 
159, no. 4044, p. 602, illus. May 3, 1947. 

—— — Discovery of a new skull of the South African ape-man, Plesianthropus. Nature, 
London, vol. 159, no. 4046, p. 672, figs. 2. May 17, 1947. 

Broom, R.,andJ.S.Jensen. A new fossil baboon from the caves at Potgietersrust. Ann. 
Transvaal Mus., Cambridge, vol. 20, pt. 4, pp. 337-40, figs. 2. October 18, 1946. 
(New: Papio darti.) 

Broom, R., and J.T. Rosinson. Jawofthe male Sterkfonteinape-man. Nature, London, 
vol. 160, no. 4057, p. 153, illus. Aug. 2, 1947. 

Brown, H. Leo. Coaction of jack rabbit, cottontail, and vegetation in a mixed prairie. 
Trans. Kansas Acad. Sci., Topeka, vol. 50, no. 1, pp. 28-44, illus. 1947. 

Brown, Rosert C., and James R. Simon. Notes on wintering moose. Wyoming Wild 
Life, Cheyenne, vol. 11, no. 6, pp. 4-8, 38, ilius. June, 1947. 

Brusacu, Howarp F. Improved cage designs for use in handling monkeys. Science, 
Lancaster, vol. 106, no. 2740, pp. 18-19, figs. 2. July 4, 1947. 

CanaLaNneE, Vicror H. Wildlife management in the National Park system. Yosemite 
Nat. Notes, Yosemite, vol. 26, no. 5, pp. 66-70. May, 1947. 

Mammals of North America. Macmillan Co., New York, pp. x + 682, illus. 
1947. 

CarHart, ArTHUR HAwTHORNE. Hunting North American deer. Macmillan Co., New 
York, pp. 232, pls. 16. 1946. 

Case, E. C. Catalogue of the type and figured specimens of vertebrate fossils in the 
Museum of Paleontology, University of Michigan. Contrib. Mus. Paleontol. 
Univ. Michigan, Ann Arbor, vol. 6, no. 10, pp. 319-36. April 15, 1947. (Fossil 
mammals, pp. 334-35.) 

CastLe, W. E. The domestication of the rat. Proc. Nat. Acad. Sci., Easton, vol. 33, 
no. 5, pp. 109-17. May, 1947. 

Cuapvock, T. T. Tail chewers in mink. Nat. Fur News, Denver, vol. 19, no. 7, p. 17. 
August, 1947. 

CuanpLer, Asa C. Notes on Moniliformis clarki in North American squirrels. Jour. 
Parasitol., Lancaster, vol. 33, no. 3, pp. 278-81. June, 1947. 

CuHapMAN, Jim. Pronghorns have brains. Outdoorsman, Chicago, vol. 89, no. 3 (whole 
no. 526), pp. 30, 85-87, illus. May-June, 1947. 

CuapMAN, Merwyn P. Monorchidism in mink. Amer. Fur Breeder, Duluth, vol. 20, 
no. 2, p.44. August, 1947. 

Cuark, GRAHAME. Whales as an economic factor in prehistoric Europe. Antiquity, 
Gloucester, no. 82, pp. 84-104, figs. 10, pls. 2. June, 1947. 

CuarKE, Tom E. When he lays his ears back, look out! Alaska Sportsman, Ketchikan, 
vol. 8, no. 6 pp. 14-17, 25-32, illus. June, 1947. (Moose, coyote.) 

Cooke, H. B. 8. Some fossil hippotragine antelopes from South Africa. South African 
Jour. Sci., Johannesburg, vol. 43, pp. 226-31, figs. 2. July, 1947. (New:Hippo- 
tragus problematicus, Hippotragoides, H. broomi.) 

Cooke, H. B. 8., and L. H. Weuus. Fossil mammals from the Makapan Valley, Potgie- 
tersrust, III Giraffidae. South African Jour. Sci., Johannesburg, vol. 43, pp. 
232-35, fig. 1. July, 1947. 

CorraM, CLARENCE. Missouri River Basin development. North Dakota Outdoors, 
Grand Forks, vol. 10, no. 1, pp. 12-14. July, 1947. 

Cowan, I. McT., and J. A. Munro. Birds and mammals of Revelstoke National Park. 
Canadian Alpine Jour., Winnipeg, vol. 29, no. 1, pp. 100-121. 1945. 
Cricuton, V. The Chapleau Crown Game Preserve. Sylva, Toronto, vol. 3, no. 1, pp. 

33-42. 1947. 

Cripp.Le, Sruart. Timber wolf den and pups. Canadian Field—Nat., Sutton West., 

vol. 61, no. 3, p. 115. June 30, 1947. 
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———— Microtus minor and the prairie lily. Canadian Field—-Nat., Sutton West, vol. 
61, no. 3, p. 116. June 30, 1947. 

Crooks, A. E. Blue fox ranching. Amer. Fur Breeder, Duluth, vol. 19, no. 12, pp. 6, 8. 
June, 1947. 

DauHLBERG, BurToN L. Deer management research. Wisconsin Wildlife Research, Quart. 
Prog. Repts., Madison, vol. 6, no. 1, pp. 15-23. April, 1947. 

DatkE, Paut D. The beaver in Missouri. Missouri Conservationist, Jefferson City, 
vol. 8, no. 6, pp. 1-3, illus. June, 1947. 

———— Deer foods in the Missouri Ozarks. Missouri Conservationist, Jefferson City, 
vol. 8, no. 9, pp. 4-5, illus. September, 1947. 

Dataquest, Walter W. Notes on the natural history of the bat, Myotis yumanensis, in 
California, with a description of a new race. Amer. Midland Nat., Notre Dame, 
vol. 38, no. 1, pp. 224-47, figs.4. July, 1947. (New: Myotis yumanensis ozalis.) 

Dataquest, WALTER W., and E. RayMonp Hau. A new bat (genus Myotis) from Mexico. 
Univ. Kansas Publ., Mus. Nat. Hist., Lawrence, vol. 1, no. 12, pp. 237-44, figs. 6. 
December 10, 1947. (New: Myotis argentatus.) 

———— Tadarida femorosacca (Merriam) in Tamaulipas, Mexico. Univ. Kansas Publ., 
Mus. Nat. Hist., Lawrence, vol. 1, no. 13, pp. 245-48, fig. 1. December 10, 1947. 

Davies, D. V.,and T. Mann. Functional development of accessory glands and spermato- 
genesis. Nature, London, vol. 160, no. 4061, p. 295. August 30, 1947. 

Davis,D.Dwicut. The bacula of some fruits bats (Pteropus). Fieldiana, Zool., Chicago, 
vol. 31, no. 16, pp. 125-31, figs. 19-20. May 14, 1947. 

DeEaAN, FRED. Some observations on a colony of water voles. Naturalist, London, no. 
822, pp. 105-7. July-September, 1947. 

DEANE, HELEN WENDLER. A cytochemical survey of phosphatases in mammalian liver, 
pancreas and salivary glands. Amer. Jour. Anat., Philadelphia, vol. 80, no. 3, 
pp. 321-59, figs. 42. May, 1947. 

DiskGRAAF, SVEN. Die Senneswelt der Fledermiuse. Experientia, Basel, vol. 2, no. 11, 
pp. 438-48, figs. 8. 1946. 

Ditton, J. C. The busy beaver. Sylva, Toronto, vol. 3, no. 1, p. 17. 1947. 

Dor, M. Observations sur les micromammiféres trouvés dans les pelotes de la Chouette 
effraye (Tyto alba) en Palestine. Mammalia, Paris, vol. 10, nos. 1-2, pp. 50-54. 
March-June, 1947. 

DowninG, Stuart C. Respect these mammals. Canadian Nature, Toronto, vol. 9, no. 2, 
pp. 46-47, illus. March-April, 1947. (Porcupine, skunk.) 

Drown, Evcene A. Crane Flat triplets. Yosemite Nat. Notes, vol. 26, no. 8, p. 96. 
August, 1947. (Black bear.) 

DurreEsNE, Frank. Look out for the grizzily! Sunday Star (magazine section), Washing- 
ton, pp. 4-5, 28. May 11, 1947. 

East, Ben. The sea beaver is coming back. Anim. Kingdom, New York, vol. 50, no. 4, 
pp. 124-29, illus. July-August, 1947. (Sea otter.) 

ELLERMAN, J. R. Notes on some Asiatic rodents in the British Museum. Proc. Zool. 
Soc. London, vol. 117, pt. 1, pp. 259-71. May,1947. (New: Genus Prosciurillus, 
subgenera Paralariscus, Leopoldamys, Berylmys, Sekeetamys.) 

Erexson, Atma. Genetic utility of blufrost mink. Nat. Fur News, Denver, vol. 19, 
no. 7, pp. 12, 37. August, 1947. 

Erickson, ARNOLD B. Helminth parasites of rabbits of the genus Sylvilagus. Jour. 
Wildlife Management, Menasha, vol. 11, no. 3, pp. 255-63. July, 1947. 

ERRINGTON, PauLL. A questionof values. Jour. Wildlife Management, Menasha, vol. 11, 
no. 3, pp. 267-72. July, 1947. 

Fetuerston, K. Geographic variation in the incidence of occurrence of the blue phase 
of the Arctic fox in Canadg. Canadian Field—Nat., Sutton West, vol. 61, no. 1, 
pp. 15-18, map. March 15, 1947. 

Ficur1rEepo, J. Movusinuo. Introdugéo ao estudo da indistria baleeira insular. Boletim 
Pecudrio, Lisbon, ano 14, no. 2, pp. 222, illus. 1946. 
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Fisner, ArtHUR H. Nature’s expert fisherman. Field and Stream, New York, vol. 52, 
no. 1, p. 52, illus. May, 1947. (Otter.) 

Fieay, Davip. On the trail of the marsupial wolf. (Tracking and trapping in the wild 
and picturesque west of Tasmania.) Victorian Nat., Melbourne, vol. 63, no. 6, 
pp. 129-35, pl. 10; no. 7, pp. 154-59, pl. 11; no. 8, pp. 174-77. October, November, 
December, 1946. 

——— How the duck-billed platypuses came to New York. Anim. Kingdom, New 
York, vol. 50, no. 3, pp. 66-80, illus. May-June, 1947. 

Forsin, Vicror. La question de l’ivoire. La Nature, Paris, no. 3139, pp. 222-23, fig. 1. 
July 1, 1947. 

Fraser, F.C. Report on Cetacea stranded on the British coasts from 1933 to 1937. British 
Mus. (Nat. Hist.) London, rept. no. 12, pp. 56, illus. 1946. 

Futter, F.D.,and W.A.Hrestanp. Heat death temperatures and normal body tempera- 
tures of birds and mammals. Turtox News, Chicago, vol. 25, no. 8, pp. 148-49. 
August, 1947. 

Furuta, Wiiiiam J. An experimental study of lymph node regeneration in rabbits. 
Amer. Jour. Anat., Philadelphia, vol. 80, no. 3, pp. 437-505, figs. 23. May, 1947. 

GaBRIELSON, Ina N. Changing concepts of wildlife management. Michigan Conserva- 
tion, Lansing, vol. 16, no.6, pp.3,10. July, 1947. 

Gatt, Witi1am E. Sex behavior in primates. Ann. New York Acad. Sci., vol. 47, art. 5, 
pp. 617-30. May 9, 1947. 

Grrarp, Louis. Port habituel de la téte et fonction vestibulaire. Mammalia, Paris, vol. 
10, nos. 1-2, pp. 1-17, figs. 7. March-June, 1947. 

Gorn, Ottve B. The otter is a gentleman. Fauna, Philadelphia, vol. 9, no. 2, pp. 39-41, 
illus. June, 1947. 

GotpMaNn, Epwarp A. The pocket gophers (genus Thomomys) of Arizona. U.S. Dept. 
Interior, Fish and Wildlife Service, North Amer. Fauna, no. 59, pp. 39, figs. 2. 
June 12, 1947. 

GorpMan, AuBREYy. Functional and morphological properties in the thyroid gland, ulti- 
mobranchial body, and persisting ductus pharyngiobranchialis IV of an adult 
mouse. Anat. Record, Philadelphia, vol. 98, no. 1, pp. 93-101, figs. 5. May, 
1947. 

Goruam, Joun R. Hydrocephalus in mink. Amer. Fur Breeder, Duluth, vol. 19, no. 12, 
p. 20, illus. June, 1947. 

GrauamM, Henry H. A merry little fellow is that creature—the lovable chipmunk. Our 
Dumb Animals, Norwood, vol. 80, no. 8, p.7. August, 1947. 

Hauu, E. Raymonp. [Review of] The California ground squirrel, by Jean M. Linsdale. 
Ecology, Lancaster, vol. 28, no. 2, p. 211. April, 1947. 

Hamiuton, J. E. On the present status of the elephant seal in South Georgia. Proc. 
Zool. Soc. London, vol. 117, pt. 1, pp. 272-75. May, 1947. 

Hamitron, W.J., Jn. Those little mammals. New York State Conservationist, Albany, 
vol. 1, no. 6, pp. 16-17. June-July, 1947. (Field mice, shrews, moles.) 

Hayman, R.W. Anew race of Scotonycteris zenkeri from the Gold Coast. Ann. Mag. Nat. 
Hist., London, ser. 11, vol. 13, no. 103, pp. 503-4. June 25, 1947. (New: Scoto- 
nycteris zenkeri occidentalis.) 

———— A new race of Glauconycteris superba from West Africa. Ann. Mag. Nat. Hist., 
London, ser. 11, vol. 13, no. 104, pp. 547-50. August 7, 1947. (New: Glauco- 
nycteris superba sheila.) 

Hersukovitz, Pairip. Mammals of northern Colombia. Preliminary Report no. 2: 
Spiny rats (Echimyidae), with supplemental notes on related forms. Proc. 
U. 8. Nat. Mus., Washington, vol. 97, no. 3214, pp. 125-40. January 6, 1948. 
(New: Proechimys guyannensis magdalenae, P. quadruplicatus.) 

Hii., Joun Eric. Heartbeats. Nat. Hist., New York, vol. 56, no. 4, p. 187. April, 1947. 
(Rates of heartbeats in different animals.) 
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Animal cultivators. Pennsylvania Game News, Harrisburg, vol. 18, no. 5, p. 
34. August, 1947. (Mole.) . 

HorrMEIsTER, Donatp F. Early observations on the elk in Kansas. Trans. Kansas 
Acad. Sci., Topeka, vol. 50, no. 1, pp. 75-76. 1947. 

HorrMEIsTER, DonaLp F., and Cuartes D. Kennepy. The nutria, a South American 
rodent, in Kansas. Trans. Kansas Acad. Sci., Topeka, vol. 49, no. 4, pp. 445- 
46, fig. 1. 1947. 

Houianp, Henrietta. Champion mountain climber. Fauna, Philadelphia, vol. 9, no. 1, 
pp. 13-15, illus. March, 1947. (Mountain goat.) 

HooerR, D. A. Pleistocene remains of Panthera tigris (Linnaeus) subspecies from Wan- 
hsien, Szechwan, China, compared with fossil and Recent tigers from other lo- 
calities. Amer. Mus. Novitates, New York, no. 1346, pp. 1-17, figs. 3. May 8, 
1947. 

Hopkins, Joun M. Forty-five years with the Okefenokee swamp 1900-1945. Bull. Georgia 
Soc. Naturalists, Atlanta, no. 4, pp. [5] + 1-69, 24 photos. [? 1947.] (Pelts of 
fur-bearers, p. 43; bear and deer, p. 58.) 

Hvesner, Rosert J., Witi1AM L. JELLISON, and CHarRLes ArmstronG. Rickettsialpox— 
a newly recognized rickettsial disease. V. Recovery of Rickettsia akari from 2 
house mouse (Mus musculus). U.S. Public Health Repts., Washington, vol. 62, 
no. 22, pp. 777-80. May 30, 1947. 

Hutu, Inez BaAuMGARTNER. Morphogenetic studies in the rabbit. Jour. Exper. Zool., 
Philadelphia, vol. 105, no. 2, pp. 173-97. July, 1947. 

Jackson, Harttey H. T. A new shrew (genus Sorex) from Coahuila. Proc. Biol. Soc. 
Washington, vol. 60, pp. 131-32. October 9, 1947. (New: Sorex milleri.) 

Jameson, E. W., Jr. Natural history of the prairie vole (mammalian genus Microtus.) 
Univ. Kansas Publ., Mus. Nat. Hist., Lawrence, vol. 1, no. 7, pp. 125-51, figs. 4. 
October 6, 1947. 

JeLLison, Wm. L. Siphonaptera: Host distribution of the genus Opisocrostis Jordan. 
Trans. Amer. Microscopical Soc., Ann Arbor, vol. 66, no. 1, pp. 64-69. January, 
1947. 

Kent, GreorceE C., Jr., and Han WEATHERSBy. Mating and the estrous smear picture in 
the golden hamster. Anat. Record, Philadelphia, vol. 96, no. 4, pp. 74-75. 1946. 

Kine, WIniIFRED E. Siesta time in the zoo. San Diego Zoonooz, vol. 20, no. 8, pp. 5-6, 
illus. August, 1947. (Leopard, polar bear, chimpanzee.) 

Kirk, R.J. Saskatchewan fur farms’ report on disease control. Fur of Canada, Winnipeg, 
vol. 12, no. 11, pp. 27-28. August, 1947. 

Kier, Joseru. The horse in the life of the Ordos Mongols. Primitive Man, Washington, 
vol. 20, nos. 1-2, pp. 15-25, figs. 3. January-April, 1947. 

La Pacse, G. Animal diseases and human welfare. Nature,*London, vol. 160, no. 4059, 
pp. 237-38. August 16, 1947. 

LaRRISON, Eart J. Miscellaneous distributional notes for Washington. Murrelet, 
Seattle, vol. 28, no. 1, pp. 11-13. January-April, 1947. 

Leacu, W. James. Functional anatomy of the mammal. McGraw-Hill Book Co., New 
York, pp. viii + 231. 1946. 

LEeopo.p, ALpo, and Sara Exizasetu Jones. A phenological record for Sauk and Dane 
counties, Wisconsin, 1935-1945. Ecol. Monog., Durham, vol. 17, no. 1, pp. 
81-122. January, 1947. 

LinpuskA, J. P. The ferret as an aid to winter rabbit studies. Jour. Wildlife Manage- 
ment, Menasha, vol. 11, no. 3, pp. 252-55. July, 1947. 

LLEWELLYN, LEonaARD M., and Cuares F. Bassett. The effect of increased and (or) 
decreased length of daylight on pelt primeness in adult silver foxes. Fur of 
Canada, Winnipeg, vol. 12, no. 11, pp. 6, 8, 10, illus. August, 1947. 

Lorwin, Irvine R. Chinchillas. Science Illustrated, Louisville, vol. 2, no. 7, pp. 33-35, 
62, illus. July, 1947. 
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Maier, N. R. F., and R. 8S. Fetpman. Studies of abnormal behavior in the rat. XIV. 
Water spray as a means of inducing seizures. Jour. Comp. Psychol., Baltimore, 
vol. 39, no. 5, pp. 275-86. 1946. 

Mann, T.,and Ursuta Parsons. Effect of testicular hormone on the formation of seminal 
fructose. Nature, London, vol. 160, no. 4061, p. 294. August 30, 1947. 

ManninG, T. H. Bird and mammal notes from the east side of Hudson Bay. Canadian 
Field-Nat., Sutton West, vol. 60, no. 4, pp. 71-85, figs. 4, map. March 17, 1947. 

MANVILLE, Ricuarp H. The Huron Mountain Deer herd. Jour. Wildlife Management, 
Menasha, vol. 11, no. 3, pp. 263-66. July, 1947. 

Mark, Gorpon. Beaver to pay theirown way. West Virginia Conservation, Charleston, 
vol. 11, no. 1, pp. 16,20. May, 1947. 

Marsu, Ftoyp R. Mutation mink produced in Pacific Northwest. Nat. Fur News, Den- 
ver, vol. 19, no. 4, pp. 10, 18-19, 22-23. May, 1947. 

———— How to produce the double recessive mink. Amer. Fur Breeder, Duluth, vol. 
20, no. 2, pp. 6-12. August, 1947. 

Martin, Ken. Wildlife can take it. Wyoming Wild Life, Cheyenne, vol. 11, no. 5, p. 26. 
May, 1947. 

Mason, Exits. Oregon antelope. Oregon State Game Comm. Bull., Portland, vol. 2, 
no. 6, pp. 1,4, 7, illus. June, 1947. 

Matruews, L. Harrison. On an intersexual wild brown rat, Rattus norvegicus (Erxleben). 
Proc. Zool. Soc. London, vol. 117, pt. 1, pp. 44-48, figs. 2. May, 1947. 
McCuintocx, LL.D. The Labrador mink. Fur of Canada, Winnipeg, vol. 12, no. 12, p. 17. 

August, 1947. 

McDermip, A.M. DDT poisoning in mink. Amer. Fur Breeder, Duluth, vol. 19, no. 11, 
pp. 40-41. May, 1947. 

———— ‘Yellow fat’’ as observed in mink. Amer. Fur Breeder, Duluth, vol. 19, no. 11, 
p. 32. May, 1947. 

McFar.Lanp, JaAMEs W. Chickaree harvests giant sequoia cones. Yosemite Nat. Notes, 
Yosemite, vol. 26, no. 8, p. 96. August, 1947. 

McKean, Wn. T. A new wildlife study in North Dakota. North Dakota Outdoors, 
Bismarck, vol. 9, no. 11, pp. 138-14. May, 1947. (Red fox). 

McKenney, Frank D. Sanitation is important factor in financial success of rabbitries. 
Amer. Nat. Fur and Market Jour., Wausau, vol. 25, no. 12, pp. 18, 14. July, 
1947. 

MircHet.t, Gtenn E. The stewardshipof wild game. Oregon Outdoors, Oswego, vol. 4, 
no. 5, pp. 8-9, 18, 21, illus. May, 1947. 

Mour,CarLtO. Notes onchiggers, rats and habitats on New Guinea and Luzon. Ecology, 
Lancaster, vol. 28, no. 2, pp. 194-99, illus. April, 1947. 

Mo.tert, O. D. vAN DER Spuyt. Fossil mammals from the Makapan Valley, Potgieters- 
rust. I. Primates. South African Jour. Sci., Johannesburg, vol. 43, pp. 295-303, 
figs. 6. July, 1946. (New: Cercopithecoides C. williamsi.) 

Monrog, R. A., and C. W. Turner. Thyroid secretion rate of albino rats during growth, 
pregnancy and lactation. Research Bull. Missouri Agric. Exper. Sta., Columbia, 
no. 403, pp. 1-34, illus. 1946. 

Moore, Cart R., and Hst Wana. Ovarian activity in mammals subsequent to chemical 
injury of cortex. Physiological Zool., Chicago, vol. 20, no. 3, pp. 300-321, pls. 
1-2. July, 1947. 

Moore, Josern C. Nests of the Florida flying squirrel. Amer. Midland Nat., Notre 
Dame, vol. 38, no. 1, pp. 248-53. July, 1947. ; 

Morton, GuLenn H., and E. L. Cuearum. Regional differences in breeding potential of 
white-tailed deer in New York. Jour. Wildlife Management, Menasha, voi. 10, 
no. 3, pp. 242-48. July, 1946. 

NELSON, FLorENcE. Ringtail, the racoon. Our Dumb Animals, Norwood, vol. 80, no. 5, 
p. 5, illus. May, 1947. 
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Netson, Ursan C. Woodland caribou in Minnesota. Jour. Wildlife Management, 
Menasha, vol. 11, no. 3, pp. 283-84. July, 1947. 

Nicnoison, A. J. Game restoration in Texas. Texas Game and Fish, Austin, vol. 4, no. 
9, pp. 4-5, 20-21, illus. August, 1946. (Deer, antelope, beaver, raccoon, musk- 
rat, javelina.) 

Norer, H., and H. W. Mossman. Surgical investigation of the function of the inverted 
yolk sac placenta in the rat. Anat. Record, Philadelphia, vol. 98, no. 1, pp. 
31-37, fig. 1. May, 1947. 

PaMER, Leroy 8., and orHeRs. Genetic differences in the biochemistry and physiology 
influencing food utilization for growth in rats. Tech. Bull. Minnesota Agric. 
Exper. Sta., St. Paul, no. 176, pp. 54. 1946. 

Parker, H.C. Nature notelets. Yosemite Nat. Notes, Yosemite, vol. 26, no. 6, p. 80. 
June, 1947. (Gray squirrel, chickaree.) 

ParRKER, LEonaRD C., and James W. Spriccs. Trapping the marten. Wyoming Wild 
Life, Cheyenne, vol. 11, no. 6, pp. 16-19. June, 1947. € 

Pearson, OLIVER P. The rate of metabolism of some small mammals. Ecology, Lan- 
caster, vol. 28, no. 2, pp. 127-45. April, 1947. 

PENDERGRAFT, ArcHIE. Sidelights on the big horn. Texas Game Fish, Austin, vol. 4 
no. 9, p. 19, illus. August, 1946. 

Wyoming fur: A neglected resource. Wyoming Wild Life, Cheyenne, vol. 11 
no. 5, pp. 12-15, illus. May, 1947. 

PENN, KATHERINE E. Streptococci infections in mink. Nat. Fur News, Denver, vol. 19, 
no. 4, pp. 11,18. May, 1947. (Also in Amer. Fur Breeder, Duluth, vol. 20, no. 
2, pp. 58, 60. August, 1947.) 

—  —— Streptococci infections cause much trouble on mink ranches. Amer. Nat. Fur 
and Market Jour., Wausau, vol. 25, no. 11, pp. 12, 24. June, 1947. 

Perry, Mary Louise. Chiquito, a guano bat. Nat. Hist., New York, vol. 56, no. 4, pp. 
178-83, illus. April, 1947. 

PuILuips, WENDELL. The first Pan-African Congress on Prehistory. Science, Lancaster, 
vol. 105, no. 2737, pp. 611-13. June 13, 1947. 

PivETEAU, JEAN. L’apparition des mammiféres. Mammalia, Paris, vol. 10, nos. 1-2, pp. 
18-29, figs. 11. March-June, 1947. 

Price, Dororny. An analysis of the factors influencing growth and development of the 
mammalian reproductive tract. Physiological Zool., Chicago, vol. 20, no. 3, 
pp. 213-47. July, 1947. 

Quortrup, E. R. A practical marking system for mink. Nat. Fur News, Denver, vol. 
19, no. 4, p. 13. May, 1947. (Also in Amer. Fur Breeder, Duluth, vol. 19, no. 
11, p. 30. May, 1947.) 

Raprorp, CHARLES D. Parasitic mites from snakes and rodents (Acarina: Cheyletidae, 
Listrophoridae and Laelaptidae.) Proc. Zool. Soc. London, vol. 117, pt. 1, pp. 
228-40, 275, figs. 16. May, 1947. 

Rann, A. L. [Review of] Peromyscus maniculatus macrorhinus and the peeblions of in- 
sularity, by T. T. McCabe and Ian McTaggart Cowan. Canadian Field—Nat., 
Sutton West, vol. 61, no. 3, p. 118. June 30, 1947. 

Ratcuirre, Hersert L. Scientific diets for the zoo. Fauna, Philadelphia, vol. 9, no. 1, 
pp. 26-28, illus. March, 1947. 

Raw.es, Mary E. Origin of pigment cells from the neural crest in the mouse embryo. 
Physiological Zool., Chicago, vol. 20, no. 3, pp. 248-66, pls. 1-3. July, 1947. 

Reap, Rautpn A. White-tailed deer. A forest crop in the Arkansas Ozarks. Southern 
Lumberman, Nashville, voi. 173, pp. 141-42. 1946. 

RicHarps, STEPHEN H. Fox research project. Wisconsin Wildlife Research Quart. Prog. 
Repts., Madison, vol. 6, no. 1, pp. 36-40. April, 1947. 

Riess, Bernarp F. ‘‘Freezing’’ behavior in rats and its social causation. Jour. Soc. 
Psychol., Worcester, vol. 24, no. 2, pp. 249-51. 1946. 
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Roserts, Austin. Descriptions of numerous new subspecies of mammals. Ann. Trans- 
vaal Mus., Cambridge, vol. 20, pt. 4, pp. 303-28. October 18, 1946. (New: 
Rhinolophus darlingi damarensis, R. swinnyi rhodesiae, Nycteris woodi sabiensis, 
Vansonia, Scotophilus nigrita pondoensis, Eptesicus hottentotus bensoni, Nycti- 
nomus mastersoni, N. rhodesiae, Platymops petrophilus erongensis, P. p. fitz- 
simonsi, Elephantulus barlowi okombahensis, E. b. gordoniensis, E. intufi mchughi, 
E. myurus centralis, Amblysomus hottentotus devilliersi, A. h. swellendamensis, A. 
h. drakensbergensis, A. h. orangensis, A. h. natalensis, A. corriae littoralis, Chry- 
sotricha obtusirostris limpopoensis, Myosorex varius pondoensis, Suncus tul- 
baghensis, S. orangiae natalensis, Crocidura maquassiensis, C. martensi vrybur- 
gensis, C. flavescens knysnae, Myonaz cauui erongensis, Pedetes cafer albaniensis, 
P.c. fouriei, Petromus typicus karasensis, P. t. cinnamomeus, Bathyergus janetta 
plowesi, Cryptomys ovamboensis, C. zimbitiensis, C. holosericeus valschensis, C. 
natalensis streeteri, Paraxerus cepapi cepapoides, P. c. bororensis, Gerbillus paeba 

3 mulleri, Tatera schinzi waterbergensis, Otomys irroratus orientalis, O. cupreus 
cupreoides, Myotomys unisulcatus albaniensis, Cricetomys gambianus selindensis, 
Aethomys chrysophilus fouriei, A. c. harei, A. namaquensis waterbergensis, A. n. 
namibensis, Pelomys fallax vumbae, Lemniscomys griselda sabiensis, Rhadomys 
pumilio orangiae, R. p. namaquensis, R. p. prieskae, R. p. fouriei, R. p. vaalensis, 
R. p. griquoides, R. p. bethuliensis, R. p. cradockensis, R. p. algoae, Lepus saza- 
tilis khanensis, Pronolagus kobosensis kaokensis, Oreotragus oreotragus stevensoni, 
Raphicerus campestris zuluensis, Procavia capensis albaniensis, P. c. vanderhorsti, 
P.c. griquae, P.c. klaverensis, Heterohyraz syriacus rhodesiae, H. welwitschii oti- 
warongensis. ) 

Ross, A. R. Hunting antelope with dogs. Colorado Mag., Denver, vol. 24, no. 4, pp. 
162-66. July, 1947. 

Roux, Jorpan 8. Knothead. San Diego Zoonooz, vol. 20, no. 6, pp. 3-4, illus. June, 
1947. (Alpaca.) 

Sarnt Grrons, H., and M. C. Sarnr Grrons. Ecologie des mammiféres terrestres du nord 
de la Basse-Loire. Mammalia, Paris, vol. 10, nos. 1-2, pp. 44-49. March-June, 
1947. 

SANBORN, CoLIn CAMPBELL. Catalogue of type specimens of mammals in Chicago Natu- 
ral History Museum. Fieldiana, Zool., Chicago, vol. 32, no. 4, pp. 209-93, pl. 1. 
August 28, 1947. 

SANBORN, CoLin CAMPBELL, and OLiverR P. Pearson. The tuco-tucos of Peru (genus 
Ctenomys). Proc. Biol. Soc. Washington, vol. 60, pp. 135-38. December 31, 
1947. (New: Clenomys peruanus.) 

Scuerpers,G.W.H. The mandible of the Transvaal fossil human skeleton from Springbok 
Flats. Ann. Transvaal Mus., Cambridge, vol. 20, pt. 3, pp. 253-71, figs. 7. 
September 12, 1941. 

ScHERMERHORN, JACQUELINE. Hail to his majesty. San Diego Zoonooz, vol. 20, no. 8, 
pp. 3-4, illus. August, 1947. (Skunk.) 

Scumipt, Rex Gary. The Coyote. Missouri Conservationist, Jefferson City, vol. 8, no. 
6, pp. 8-9, illus. June, 1947. 

Scuwarz, Ernst. Colour mutants of the Malay short-tailed mongoose, Herpestes brach- 
yurus Gray. Proc. Zool. Soc. London, vol. 117, pt. 1, pp. 79-80. May, 1947. 

Seny trex, Muzarrer Sttteyman. The dentition of Plesianthropus and Paranthropus. 
Ann. Transvaal Mus., Cambridge, vol. 20, pt. 3, pp. 293-302, fig. 1. September 
12, 1941. 

SHAcKELForD, Ricuarp M. The relation of genetics to planned breeding. Nat. Fur 
News, Denver, vol. 19, no. 4, pp. 8-9, 14-15, 26-27, illus. May, 1947. (Also in 
Fur of Canada, Winnipeg, vol. 12, no. 9, pp. 31-33, illus. June, 1947.) 

— - Genetic research in mink and foxes. Nat. Fur News, Denver, vol. 19, no. 7, pp. 
10-11, 20-21, 38, illus. August, 1947. 
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SHACKELFORD Ricuarp M., and Louise Wirr. Chromosomes of the mink. Nat. Fur 
News, Denver, vol. 19, no. 6, p. 12. July, 1947. (Also in Fur of Canada, Win- 
nipeg, vol. 12, no. 10, pp. 28-29. July, 1947.) 

SxinnER, Morris M., and Ove C. Kaisen. The fossil Bison of Alaska and preliminary 
revision of the genus. Bull. Amer. Mus. Nat. Hist., New York, vol. 89, art. 3, 
pp. 123-256, figs. 5, pls. 8-26. October 31, 1947. (New: Subgenera Platycero- 
bison, Gigantobison, Parabison; Bison (Bison) preoccidentalis, B. (Platycerobison) 
geisti, B. (Parabison) exiguus ?harbinensis.) 

Sottars, KatHryn. King of the fur bearers. Fauna, Philadelphia, vol. 9, no. 1, pp. 13- 
15, illus. March, 1947. (Muskrat.) 

Sommers, E. F. The seasons growing. Amer. Fur Breeder, Duluth, vol. 19, no. 12, pp. 
10-16. June, 1947. (Mink.) 

SowERBY, ARTHUR DE CaRLE. The mammals of the Japanese Islands. Musee Heude, 

Notes de Mammalogie, Shanghai, no. 1, pp. 66, pls. 9. February 21, 1943. 

Mammals recorded from or known to occur in the Shanghai area. Musee Heude, 

Notes de Mammalogie, Shanghai, no. 2, pp. 15, pls. 3. April 4, 1943. 

A new species of shrew from the Shanghai area. Musee Heude, Notes de 

Mammalogie, no. 3, pp. 2. April 1, 1945. (New: Crocidura campus-lincol- 

nensis.) 

—— Zoological exploration in China. Jour. North China Branch Royal Asiatic 
Soc., Shanghai, vol. 72, pp. 19-29. 1947. 

Sracey,C.W. New platinum blue foxes. Nat. Fur News, Denver, vol. 19, no. 7, pp. 13, 
33, 38. August, 1947. 

——— The new platinum blue fox. Amer. Fur Breeder, Duluth, vol. 20, no. 2, pp. 20, 
22, 24, 26, illus. August, 1947. 

SrePpHENSON, Ronatp G. Some important phases of silver fox ranch practice. Nat. Fur 
News, Denver, vol. 19, no. 7, pp. 15, 38. August, 1947. 

Storr, Ken, Jr. Kerjeung. San Diego Zoonooz, vol. 20, no. 5, pp. 4-5, illus. May, 1947. 
(Orang-utan.) 

SuNDHEIMER, Pau W. A living community. Virginia Wildlife, Richmond, vol. 8, no. 6, 
pp. 18-20, illus. June, 1947. (Ground squirrel, beaver, deer.) 

Tate, G.H.H. A list of the mammals collected at Rancho Grande, in a montane cloud 
forest of northern Venezuela. Zoologica, New York, vol. 32, pt. 1, no. 7, pp. 
65-66. May 8, 1947. 

TayLor, WALTER P. Why deer are dying. Texas Game and Fish, Austin, vol. 5, no. 7, p. 
17. June, 1947. 

TempLeTON, GEorGE S. Studies of ‘‘fur-eating habit’’ of the chinchilla. Nat. Fur News, 
Denver, vol. 19, no. 5, pp. 14,34. June,1947. (Also in Fur of Canada, Winnipeg, 
vol. 12, no. 9, pp. 14, 16, June, 1947, and Amer. Fur Breeder, Duluth, vol. 20, no. 
2, pp. 38, 44, August, 1947.) 

THompson, BEN F. Open season on state beaver next year is recommended. West Vir- 
ginia Conservation, Charleston, vol. 11, no. 1, pp. 15-17, 22-23. May, 1947. 

Tawaites, WaLTERG. Nutria raising. Nat. Fur News, Denver, vol. 19, no. 5, pp. 10-11, 
25; no. 6, pp. 18, 36-38, illus. June, July, 1947. 

Topras, Puiture V. The characterization of the spermatogonian chromosomes of the 
albino rat (Rattus norvegicus albinus). South African Jour. Sci., Johannesburg, 
vol. 43, pp. 312-19, figs. 13. July, 1947. 

Toner, G. C. Notes on the mammals of the lower Chilcotin River region, Cariboo Dis- 
trict, B.C. Canadian Field—Nat., Sutton West, vol. 60, no. 4, pp. 86-89. March 
17, 1947. 

Torrey, THEopoRE W. Laboratory studies in comparative vertebrate anatomy. Dept. 

Zool. Indiana Univ., Bloomington, pp. 67. 1946. 

Laboratory manual for embryology. Dept. Zool. Indiana Univ., Bloomington, 

pp. 100. 1946. 
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Truax, W. C. Muskrat management research project. Wisconsin Wildlife Research 
Quart. Prog. Repts., Madison, vol. 6, no. 1, pp. 41-54. April, 1947. 

Tryon, CLARENCE ARCHER, JR. Behavior and post-natal development of a porcupine. 
Jour. Wildlife Management, Menasha, vol. 11, no. 3, pp. 282-83. July, 1947. 

Vitia-R., BERNARDO, and E. RayMonp Hau. Subspeciation in pocket gophers of Kansas. 
Univ. Kansas Publ., Mus. Nat. Hist., Lawrence, vol. 1, no. 11, pp. 217-36, figs. 
2. November 29, 1947. (New: Geomys bursarius industrius.) 

WAKEFIELD, LAWRENCE. Breeding dominant white mink. Fur of Canada, Winnipeg, 
vol. 12, no. 10, pp. 26-27. July, 1947. 

Waker, Ernest P. ‘“Flying’’ squirrels, Nature’s gliders. Nat. Geogr. Mag., Washing- 
ton, vol. 91, no. 5, pp. 662-74, illus. May, 1947. 

Warp, Justus C. Certain new techniques in rodent control. Pests and Their Control, 
Kansas City, vol. 15, no. 2, pp. 12-14. March, 1947. 

Wayson, N. E. Plague—field surveys in western United States during ten years (1936- 
1945). U.S. Publ. Health Repts., Washington, vol. 62, no. 22, pp. 780-791. 
May 30, 1947. 

WuirenouseE, F.C. Mouse kills snake. Canadian Field—Nat., Sutton West, vol. 61, no. 
1, p. 21. March 15, 1947. 

WiuuraMs, Curtis M. Marten in Colorado. Colorado Conserv. Comments, Denver, vol. 
10, no. 2, pp. 12-13. June, 1947. 
Wi.uams, Georce H. The friendly fox. Sylva, Toronto, vol. 3, no. 3, p. 37. 1947. 
Witwerpinc, W. J. Who’s wild? Fauna, Philadelphia, vol. 9, no. 2, pp. 34-08, illus. 
June, 1947. (Zebra, African buffalo, roan antelope, hippopotamus.) 
Wimsatt, Witu1am A., and Grorce B. Wistockxi. The placentation of the American 
shrews, Blarina brevicauda and Sorex fumeus. Amer. Jour. Anat., Philadelphia, 
vol. 80, no. 3, pp. 361-435, figs. 54. May, 1947. 

Woop, Kerry. That canny coyote. Fauna, Philadelphia, vol. 9, no. 1, pp. 2-5, illus. 
March, 1947. 

Woop-Jones, F. The Plesianthropus skull. Nature, London, vol. 159, no. 4052, p. 883. 
June 28, 1947. 

Woo.ner, Frank. The 10 worst predators. Sports Afield, Mt. Morris, vol. 117, no. 3, 
pp. 24-25, 115-18, illus. March, 1947. (House cat, red fox, weasel.) 

Yeacer, Lee. Squirrel hunting the easy way! Outdoorsman, Chicago, vol. 89, no. 3 
(whole no. 526), pp. 28, 63-66, illus. May-June, 1947. 

Yeacer, Lez E. You can grow bushy-tails. Field and Stream, New York, vol. 52, no. 
2, pp. 54-55, 105-7, illus. June, 1947. (Squirrels.) 

Youne, Wiiu1am C. Animal endocrines in relation to sexual behavior. Ann. New York 
Acad. Sci., vol. 47, art. 5, pp. 609-16. May 9, 1947. 
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COMMENT AND NEWS 
NORTH AMERICAN CENSUS OF SMALL MAMMALS 


Data from many sources indicate that trends of change in the dynamics of the popula- 
tions of many animals tend to be cyclic. In addition there is a tendency for the stage in 
the population cycle for a species to be in phase over wide geographic areas. The Rodent 
Ecology Project is sponsoring the initiation of a cooperative program using a standardized 
sampling technique to investigate this problem further. Emphasis is placed on the sam- 
pling of small mammals such as Microtus, Sigmodon, and Peromyscus. Prospective co- 
operators and others interested in this program may receive a detailed description of it by 
writing Joun B. CatuHoun, Rodent Ecology Project, Johns Hopkins University, 615 North 
Wolfe Street, Baltimore 5, Maryland. 


EUROPEAN RELIEF 
Don’t forget your colleagues in Europe. Continued aid through the summer will assure 
receipt, in Europe, of clothing and food before another winter. 
SUBSIDY 


Illustrations for the article by Gould and Kreeger were subsidized in part. 


DATE OF ISSUE 
Vol. 29, No. 1, Journal of Mammalogy, Mailed February 13, 1948 
Space was provided in the last number to write in the above date. 
OME RE 
FRANCIS BEACH WHITE 


A Charter Member and Life Member of the American Society of Mammalogists, Francis 
Beach White died at Brattleboro, Vermont, January 16, 1948. He was born August 20, 1872. 


ALDO LEOPOLD: 1887-1948 


The sad news of Professor Leopold’s death on April 21, 1948, reached us just before go- 
ing to press. Professor Leopold was an outstanding authority on problems of wildlife and 
conservation. His influence is felt wherever Wildlife Management is being taught or prac- 
tised He contributed much to this field as well as to the general field of biology His 
multitude of friends will miss him, but they won’t soon forget his charming personality, 
his enthusiasm, or his forceful way of presenting his ideas. He was a man who lived, and 
enjoyed, a full life.Y It was good to have known him—it will be good to remember him. 
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